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DEPLOY is an interactive Goal Programming Mcdel for the
rapid deployment of armed forces. The project was suggested L
1 TC. Iww D[D. Cook as a continuation of Captian James Cocke’s
thesizs.

Special thanke gc to my thesis= adviszor LTC. Ceccok who not
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project.
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CEPLOY
An Interactive
Goal Programming Mocdel
for the

Rapid Deployment of Armed Forces

1. lotcaduction

In 1%¥54 éArmy Captain James Cooke, an AFIT/GST <tudent,
demonstrated +or the first time a particular methodology which
determinec how the interactions of unit weight, combat
attributes, logistics needs, and airlift resources can be jointly
cptimized. 7,4 In hiz thesis he determined analytically the
cptimal force mix or the incremental advantage in deplored power
attainable by an incremental change in airlift resources. The
thezis DEPLOY was developed in response to recommendations in

Cooke’'c theci

n

"Optimizing Force Development and Force Structure
faor the Rapid Ceployment Force." (7:¥4) The thesis by Cooks
acriginated <from "a perceiwved need to approach the deployment of
ccmbat forces using a total srxstems methodologr, rather than the

prezent method of cseparate mission/service cptimization studies.”

(7:17 The model developed here takes the me thodol ogy
demonztrated by Cocke and expands it to an interactive user-
friendly computer program. Furthermore, this model allows the

uzer to "generate unit movement and force structure regquirements

for the Rapid Ceployment Force." (7:1327 A background section is

included in thi= chapter to inform the reader of the perceived
need for a proyect like DERPLOY. Alzo 1ncluded are sectinnz on the
Fezearch Scope and Methodology. (7:4-2)
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Background

In 1%

23}
[}

y The United States government indicated a need for
the capability tc move large conventional ground forces to any
location within a broad geocgraphic aresx centered on  Southwest
fsia. As a recsult of this requirement, the Rapid LCeployment
Joint Tazk Force (RDJTF), ncw redecsignated the Cerntral Command
(CENTOOMY , was formed, This force consists of the 82nd Airborne
Divisron, the 10lst Airborne Livision (Airmeobiler, the 24th
Infantry Division, twec Ranger battalionz, and éAir Force, Mavy and
Marine forces. Th= RDJTF Army units are all forces  which

facilitate air transportability.

Al though CENTCCOM  was  deweloped in direct responze to  a
perczived threat, the Air Force haz insufficient aircraft
resgurces to  cupport the full and rapid deployment of CENTCOM
assetz. The Army, In its deployment planning, can consider only
the inventary ot the Military Airlift Command (MaCY ascset=z. When

planning a deplicyment, therefore, critical decisionz must be made

2z to how best to uze limited air trancportation. The basic
deciston i to increase the combat potential available to  the
ground commanders at the risk of reducing sustainability of the
already deplored force. Combat potential is a complex and
current) » <cubjective index of the fighting capabilities of the
force., These capabilities are baced on deployed trccp=s, tanks,
anc  artiltlery, Susztainability is thought of a= the <continued
ability of a force to fight through maintenance of in the event

1tz supply line.

The Army muz* plan the cdeplcyment of itz trzops 1nm such  a
P P
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-, O, . .

FEPEE nJ

s i

eooid® i tdd™®

e ] .




—~ - -~ ~ -~ AT AR A R A A i A %e R y = el i Al
3
W as to  balance combat potsntal with suztainabtrl b, y
]
1
Currentl ., scenaric war  plans  are developed by operations 5
d
anal sztz, wha determine what forces they belisve are requiresd and »
t. wha*t cate the +forces are needed for a gilven ccenaric,
Logrsticians then calculate required cupplies to <support  the
p
foroe, Uzing tabulated data. Given thics data, the transportation »
-
'
STfiZerz attempt tc mowve the required force packages by the 1
required dates, If thi= 1= deemed impos=sible, the force plannarc
<
erther ectend the reguired due dates cocr reduce the planned torce. L)
The impiementaticon of thiz process i€ a result ot Under <
1
Zezretary of Defense Charez’ report requiring between 30 and 150
3
C-%% equivzlients in 2irlitt toc meet urgent national secur ity !
- Y
nescs ., a3 200 Limited airlift assets prevent the &rmy  frcm
mowing  ail cargo and troops required at a single time to respond
4
to a majyor threat hecafors, decizicn makeres muzt ke able to !
euvaiuate, at ezch point Iin time, how bezt to usze the faorces and -
9
. . h
rezzurcz:z  avalable., Thtz could be done by itncorpocrating into e
3
thez proc23zz  the reducticn cf airli+t rezources caused by each ’
torce unt ks "tail", the logistical requirements of the farce.
~ithough thers iz a crirtircal consideration for ULS. planners, .
{
rezearon to date has addressec the problem only peripherallyr, %
!
The .S, Armys War College 1282 1ist of "strategic i1=zsues...most
ratlesant and urZent +co the Army to study” cpecifically ]
P dentrfes the rszue ot suztxinability and mabili ity as=  an !
untalged rezearch o area, Cai. Daley, Chief cf the War College
M-olrtar. Cperatyon: and Planning Groupy; LTCZ. Murphy, #Air Force 5
ioariIrn tzotne Dooctryne and Force lzzuezs Group of the War Collenqe J
Mot i bar y Shrare gy Gopartment and Mro, J.E. Trinnamen, head ot
o
oo .
) S
-4
]
PR a o e . “a o b S P W
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There arz2 medel limitations and time reguirementz that  xre
impor tan* when uzing RAEPIDICSM. &1l significant 1Tamitaticns [Ny
the model are computer dependent; therefore, given a computer
wt th  encugh care, limitations are reduced to nil. The time
conzrderaticons wi i be discu=zsed novs. After requiring
approx imatel two weeks to acguire the data base, another one
we K to twe man-months are neceszary to structure the data 1nto

the proper format. The computer time i< about 1| minute per mods]

M

7

[l

le an2 the model requires four hour

i

to  two man—dars  to

1t

T

analyze and evaluats the cutput.

J.  EECEINEZ [OHE

FECEIVER OCNE was dewselaped and ic used by HO USAF/SAGM five
time= a week. This mode! analyzez the problem of "airfield

saturaticn during force deplcorsment Each aircratt in the model

H

W

considered from  the approach to landing until  the takeot+t

depar ture. Included alszc in the model are the possible effects
cf  weather, interdiction, and  air  base lozsesz., There are
bxzically three input parameters for RECEIVER OME.
1. EBaze characteristicz, such a= parkKing space and
amcunt ot matertal handling equipment (MHE
2. Atrcraft characteristics, such as aircratt
parlcad
I, fAverage expected arrivals of each type aircraft
at each destination APCGD (may change daily).
THe cutput gnformation 1=z oaz foliows:
1. Cocmputer printouts on utilization of APOD
facilrties
7. C(ueueing delarz at wvariocuz <ctagecs of baze
proce=z:ng
. Aircratt elapsed times
4, Ton=z delivered
Z. Tonz diverted frcm the pioimary A&FCGE.

The mace

can ec¢amine up to seven different AFGLTc and  twenty

Zz-10

W R ¢

Y
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level of depioryment activwities, and basing and readiness levels

()
(5}

ot resources." ( HR R

There are limitations to this model and time requirements
that must alzo be conzidered. Scme ltimitations are that the
vehicles are Ffracticonalized and all evaentsz in the model are

deterministic. Also, the <cargo reguirement integrity i

tn
3
2]
-~

~aintained  in the  mcdel. This model require=z two week

1
-~
2]

acquire the data base, and cne week to two man-months to
struycture the data inta the proper format, about 40 minutes to an
hour of CPU time iz reguired, and four hours to two man-dar:zs are
necessary to analyze and evaluate the results.
1. PRapid lotectheater Leploxment Simulator (BAGPILISM:

R&PIDISM  is used by the JCS (J-4) approximately 240 times a

r=ar and was developed by the General Research Corporaticn. Thi

model simulates the rapid deployment of combat units along with
the rezupply of theze unite fcr a military contingency operation,
Er wuszing thiz mode

’ the minimum time to deiiver the units to

the

i

2 cdestinatrons Y the air cr the €23 i

[}

determined.
Different priorities can be asszigned to the units and supplies.
Troe meodel iz determiniztic in nature. The input parameters of
the model are as follows:

Availlabkle number ¥ aircraftt by cla=ss
Available number cf ships by class

~FJE=z, conway route, and AFGD=
Tranzportation modes

Time pericads for inittial zhip availability
Commodi ties anc units
Gttrition rate of vehicles ¢

NS D) N

()
03

1S2¢0

£

m

. a result of thi=z input, a detailed log of movements and

numercuys summar s reports are produced.
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[

Specified lccations are aggregated 1nts nota-
tional locations
4, Aircrew reccurces are not addreszzed
S. Tanker aircraft are assumed available by the
model. (33:423)

This model requires only three man—-hours to structure the input
format. Then after about 30 minutes of CFU time per 90-day war
scenario, & man-hours are nececsary to analyze and evaluate the
resuyl tes.
H. PBOSTIURE Sx=tewm

FOSTURE is used by the JCS (J-4) approximately five times a
year and was developed by the General Research Corporation. Thisz
model determinez "the strategic mobility resources required for
centingency situations and assesses the delivery capability of a
given set of resources.” The model accompliches this by
discovering the least-cost system to meet the stated
requirements. Further, the mocel can determine the maximum
deployment capability of a qgiven cet of mobility resources. In
orcder to accomplish this, linear programming is utilized. The
mcdel uwtilizes land, air and sea mobility resources. The input

parameters are as follows:

1. Origin/destination sets for force transfers
2. List recources
2. Cost parameters for the resources
4, Time-phased requirements by contingency and
unit type
S. Vehicle charactericstics, <speed, parload
4. Allowable routes and route distances
7. Operational delay aszumptions
€. Attrition factors (i1 f used’
7. Convoy limits by theater and time period
10. Resource availability
11, Cargo characteristics.

The result of this input is a "{0-year system cost, +fleet sizes,

3]
|
Q
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6. MaLEQ Model 12
The M&EACRO  Model 12 is used by MAC Headquarters and was

developed by the MACRO Task Force. The model measures "the total

delivery performance of the MAC system reflecting the effectz of

aircratt queueing.” Other effects that are considered are:
station denial, air refueling, alternate routing, variocus fleazt ;}
mixes, and 1imited ground support. The model is stochastic in ]
nature and vuse= G-GERT <simulaticon language a= the primary

colution technique. The input requirements are divided into four

different areas as follows:

1. éApplied aircraft (number and trpe)
2. Initial aircratt availability schedule
2. Cargo requirements (from—to by cargo class?
4. Current configuration of wartime scenaric Cif
different from the present configuration>.
From this input the model gives the following output:
1. Flying hour requirements
2. Aircratt UTE rates
3. Route ucage by leg segment
4. Aircratt waiting times
5. Movement closure time
é. Closure b¥ cargo class and aircratt type
7. Delivery rate br cargo class
€. Location work load
Y. MNumber of aircraft queueing by locaticn
137, Aircratt handling requirements
11. Ground time histograms
12. Syrztem onlcocadsoffload history
13. Periodic reports reflecting aircratt and cargo
status by location or varicus time intervals S\
14. Standard Q-GERT output including trace options
15 Cezigned uszer—czpecified output as decired. (33:423) X
There are model limitations and time requirements that must ;‘
be considered in using the MACRUO-12 model . There are five major ]

ITimitations to the model as followe: B

{
1. Al cargo i3z measured in terme of aircraft L]
Inads
2. The routing algorithm is completely probabilicstic 1
R
2-7
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F. Melitary éirlitt LCapability Estimator (MafE:

The Military Airlift Capability Estimator (MACE)Y |

1N

used by
the JCS (J-4) and was developed by MAC. The model assists the
trancsportation planner to quickly ectimate the force closure
times for the airlift of large-scale troop and cargo movements,
The model is used about 7S5 times a year. The input parameters
are three—fold; force definitions, aircraft ground time, and
different requirements such as the distance between the APCD and
Aerial Port of Embarkation (APQOE). s a result of this input,
the following output is given:
1. Schedule cf the daily movement capability of

the aircratt employec
. Closure times at the destination of the force
being moved
Individual requirement ‘racers
Aircraft mission traces

Aircraft utilization summaries
Requirement closure summaries, (23:4120

8]

[L NG I SRR £}

There are limitations and time requirement problems that are

asscciated with the usze of the MACE mcodel., The first of the
three limitations 13 that airlift is the only mode of
transportation cocnsidered, Second, "aircraft can be

preposi tioned for the first acquirement only," after this, the
atrcratt are just positioned where needed. Third, the "time-
phazed processing of requirements” is not considered. Also,
there are several time factors to be concsidered. @After acquiring
the data base which takes 1 man-month, 1-1/2 man-weeks are
required to <structure the data into the model input format.
Then, after approximately 30 minutes of CPU time, 1-1/2 man-weeks

are needed to amnalyze and ewaluate the recults. (32:412»
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has three basic input parametars to the model.
1. Scortiez required to move a given unit by
different aircraft types
2. The number and Utilization (UTE)> rate of each
type of aircraft
3. The flight time for a round trip.
As a result of this input, the model gives the transportation
completicon times of the different cargo types and of the entire
project. The model can wutilize a maximum of six different
aircraft types, only three of which can be capable of handling
coutsize cargo. (23:229)

E. M=14 (Model 142

Mcdel 14 was developed and |

used by HG MAC/¥PSER about once
a month., The model identifties and helps resclve the "strategic
aircraft chokepoints at the airbase level during wartime <curge

situations.” The model is a computer simulation of the MAC

"

-

syztem involiving four types of aircraft and 422 airbases. The
aircraft are heuristically "routed to use idle resources and to
avcid tacility and percscnnel caturaticon." There are two main

input parameters.

1. Station data, €.Q.; location, resourcec,
climatclogyr
2. Aircratt operating envelopes as movement

requirements and policies.

The ocutput generated is the raw form of mission itineraries,
requirement histories, GASP statistics, gqueueing files, and other
simulation information.” From the examination of this output

many different types ot studies can be performed. This model

requires approximately twoc man-weeks to acquire the data bacse and

to zequence the data into the proper format. Finally, one man-
week iz required to analyze the data. (ZZ:412)
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analysis time are variable with the size of the prcoblem.
C. d&ir Movement Planning Sy=iem {A&MPS)

The Air Movement Planning System (AMFS) is used and was
developed by the US Army Logistic Center. This model optimizes a
given load plan to determine its feasibility. It ic accomplished
by planning, diagramming and manifesting individual "aircra+t
lcads of equipment and personnel fcor movement on C-5, C-141, and
C-120 aircraft."” (32:43) To optimize the locad plan, specific
characteristic, balance and safety constraintz are concidered.
There are two input parameters into the model, the cargo and
aircraft list, The output ic a schematic of the load plan and a
manifest of the cargoc and passengers.

There are Jlimitations and time requirements that are
associated with the AMPS model. The first limitation is that the
carga ie conzidered as cubkec with a certain weight and center of
gravity, rather than as a specific piece of cargo. s a recsult

of this limitation, such characteristices as axle Jlocation and

vehicle overhang are not considered. The cecond limitation is
; that the "vehicle tie—-down space is determined on the worst case
: basis rather than specifics." (33:43) When considering the time
{! requirementz for thiz model, one man-mcnth is required to prepare
the data base for the input parameters. Further, once the input
13 made, one hour of CPU time is needed to determine the output.
K C. DELIUEE
E The DELIVER model was developed and is used by HQ USAF/SAGM
; about 250 times a month. The model estimates "the time to
( deliver a given military force by airlift I[by providingl
computarized analysis of sortie output from the ALM." The model
2-4
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aircraft.” This mode? is further used not only to evaluate
current and future aircraft decigns but also to determine the
effect of changes in military vehicles. The model "determines
the number of corties required to load a military force of any
size," The input parameters are in the form of three input
files: wvehicle characteristics, unit decscription, and an overall

input file. These files are further described as follows:

1. Vehicle charactericstics are dimencions and
weight.
2. Unit dezcriptions include the number of

personnel, weight of unit equipment, and the
number of each trpe of vehicle.

3. The overall input file includes aircraft
descriptions, uni t accompanying supply
formulae, aircratt lcading sequences,
celections of wunitsz, and input and output
options.

The output of this model can give a multitude of information,

including individual loads and “distribution of loads by weight
and aircratt type." Furthermore, the loadability of vehicles is
given along with "unit and overall summaries of parload and
sortie statistics."(32:37)

The ALM i1s wvery versatile az it can use a multitude of
different input parameters. The model is limited to considering

10 different aircraft types, 9% vehicle types, and 1,000 units.

Each aircraft cargo compartment can be divided into ten different
cections, and "up to ten groups of vehicles can be Timited or

excluded from an aircraft."(32:37) Furthermore, one type of

LI Saihan G aun om g e

@

special load can be forced inteo any aircraft per lcoad.
! The time regquirements to use the ALM are variable. The CPU
!
S
T time to run the model on a Mechanized Brigade requires
L
‘ approximately 4S5 seconds. Both the preparation and the output
o 2
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As a result of this input, the model gives & “statement of
lcadings of each aircraft by chalk number, consisting of a
detailed listing of each “loaded’ aircraft." Also, a summary is
qQiven that yields the following specific cutput:

1. Number of sorties required

2. Cargo and pacssengers not lcaded (i.e, thcse
things that are too large, too heavy, or
passengers for whom there are no <ceats on
the aircratt)

3. Number, weight, and flcor space of vehicles and
bulk cargo loaded

4. Number of paszengercs loaded

5. Total fleet weight, <floor space, and passenger
seatz that were available for loading. (33:2%)

There are two major limitations to this model. First, the
"zortie generation” technique doez not necessarily give the
optimal loading plan. As a result, the number of <corties

21

1

0

required for the mi n is not necessarily a minimum ectimate.
Second, the possibility of using a mixed type of fleet is not
available as only one type of aircraft ic considered.

When wusing this model there are a few time regquirements to

be considered. Approximately cne month is required to acquire
the cdata base for the input. Once the data base i finished,
very little, if any, work must ke done to format the data base

for the input. Once inputted, approximately 10 minutes of CPU
time per mocdel is required to compute the output. Finally, it
takes one man—-day to analyze and evaluate the output.
E. dAircraft |oading Model (alM:

The Aircratt Loading Model (ALM) is used and was developed
by USAF/SAGM. Furthermore, the model is used about 100 times per
month. The purpoce of the model iz to "provide computerized

analysis cf the loadability of military wvehicles on airlift
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I1. Latesrature Eeuisw

This chapter will review the different strategic deployment

models that are presently being uced in the military. Several

models will]l be discussed, but the central theme i< the movement

K TN

of personnel and cargo via airlift. The user and the developer
¥ the model will be discuzsed first, followed by the purpocse and :
descripticn of the model, Then the input parameters will be ’
r‘ examined alcng with the output statements. Finally, the model é
\
T'rmitations and time requirements of the model will be
conzidered.
! “. éaiccraft loader Maodel i
|
4
L The Aircraft Loader Model is used by the JCS (J-4) and was .
;' developed by the Institute of UDLefense Analysis (DIA)M. The
Ll purpose of the model is to estimat? "the number of airlift ;J
3
5 aircraft required to perform a stated transport mission.” To
accomplizh this purpo=se, the meodel <=imulates lcocading the
‘ri aircratt,. Further, this model can be ucsed to plan operationg, '4
\ K
; compare aircraft corties required for different aircraft types, 1
P and study alternative loading configurations. Numerical analysis ]
< i used to solve the mathematics of the model. This model is »
)
3 ¢
{ used approximately ten times per year. Some of the input -
3 parameters of the model are as follcws: ]
t 1. Weight allowable cabin 1l1ocad (WACL) +for the :
¢ aircraft type and range of operation %
r 2. Limenzions of the cargo compartment :
4 2. Number of passzenger ¢eats available B
4, Allowable stacking height for the bulk cargo ]
5. A complete wehicle and bulk carge 1list with ]
}‘ their dimensions
!' é The number of pacscenger=z= and their total q
. weight.
3
b R
"J_l \
. ’1
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model 5. In each meodel the input and output parameters will be

examined, Finally, prevailing assumptions and approaches of the

.
.
«

different models will be addreccsed.

Chapter 111 wil] present the mathematical ftormulation of the
model utilizing the work of Capt Cooke as much as possible. This
will include the formulation of the goals and constraints.

Chapter IV will review qoal programming and precent a

description of the assignment algorithm, PAGP.

Chapter ¥ will present some characteristics of DEPLOY. This

will include model restrictions, scenario limitations, and input

requirements. Chapter VI will provide both a wverification and »

a demconstraticn of DEPLOY. ?
Chapter YII will present a summary cof the modeling process,

a description of the uses of DEPLOY, and a discussion of the \

pcoctential improcvementz of the model., a
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variance from  them is  allowable but undecsirable, are the
toilocwing:
1. Keep a certain fixed or minimum ratio between combat and !

combat support units.

)]

Keep unit sustainability, as reflected by percentage of

required supplies delivered, at a fixed level. !
2. Maximize the anti-tank strength, defensive frontage or
combat power of the deployed force,
4, Maximize uvtilization of the Air Force airlift assetsz, in '
tonnage and allowable cubage.
S. There ics a limit on the number of each type of aircraft
[« wailable. '
! availa
; Constraints which are absclute are the following:
; 1. Outcize <cargo will fit only outsize capable aircra+tt.
:‘ Quercize cargo wil! fit on outsize aircraft or on owversize t
capable aircratt. Bulk cargo will fit on all cargo-carrying
aircratt.
Fi 2. A cdeploved unit consumes supplies at a fixed rate owver '
E the entire period of analyrsis.
f 2. Al aircraftt types are capable of landing at the ferial
L Port of Debarkation (APOD). '
4., Unit =zustainability has a floor. United States MNational
q Command Authority will not build up force strength at the expense
L‘ of letting troops already deployed run out of ammunition or focd. '
S. Supplies delivered to the APOD must be trucked or
E airti1fted to the combat forces at the front.
¢ Eocmat Structuce !
’ Chapter [l will review many of the currently used deployment ;
k‘ 1-4 q
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addresz only air-deployred and air-supported units, The <clcze
presence, in a crisis, of logistics <ships or Marine Amphibious
units is fortuitous, but cannot be relied upon with worldwide

commi tments.

2. Once deploved into the theater, the <standard supply
consumption rates will be uzed.

2. This <study will incorporate any type of military or

Civilian Reserve Air Fleet (CRAF) aircraft to move ENTCOM

assets.

4, Suztainability will be Kept as a constant measure acrocss
the entire deployed force. That 1=, all forces, if unsupplied,
would run cut of a11 suppliez at the same time. Thi=z is aszsumed

as a logical recsult cof proper logistical planning, as it would
not be accesptable, in combat, to run out of ammunition but to
have ten daycs of food available.

S. The input data file mar either already exist, be created
interactively, cr be changed in%teractively ancd saved if necessary
for later usze.

Eeszearch Methedologx

The overall objective of thiz study 1s to develop DEPLOY, a
user-friendly computer program to maximize combat power delivered
to a theater as a function of time without diminicshing a certain
sustainability of the forces already deployred. This problem is
broken intoc twc subordinate and equally important goals: maximize
the combat power delivered, and minimize the delivery time.
Theze goals are optimized only after certain constraints are

csaticsfied. Constraints which can be expressed as goals, because

APPSR Yy YU )
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Medi terranean Studiesz for the Strategic Studiez Institute, have
all <ceparately proposzsed that immediate recearch be conductzd on
this topic. (7,18-267
Broblem Statsment

The methodology demonstrated by Capt CookKe exists in
mathematica)l form, and is therefore not immediately helpful to
the uvcer. There is no interactive ucer—-friendly computer program
that performs the kind of analysis demoncstrated by Capt Cooke.
‘esparch Objective

The primary objective of this recearch effort 13 to dewelop

an interactive user—friendly computer program to optimize combat

pcwer delivered to a theater during a <cpecified time, within

acceptable levels of Fforce sustainability. The methodology
demonsztrated by Capt Cooke will be examined concerning its
completenes=z and extended from its mathematical form to an
interactive computer program. Thi=s program will be ccocmpoced of

two partse, the construction of constraints and the allocation of
deployed units with aircraft. The informaticn necesszary to build
the goalzs and constraints will be input in such a way that the

Uz

Ry

r can easily change parameters and goalsz az desired. The
allocaticn routine, PAGP, will minimize the deviations from the

U=

]
T

r—defined goals. Here, the objective measzure of merit
simyl taneously incorporates unit weights, requirements, combat
power attribtutes, and in—-theater constraints to find the global
cptimal solution.

EBecearch Scope

1. With the emphazis on rapid deployment, thie study will
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dif+terent aircratt types. In order to create a cenerin, eight to

ten man-hours  are needed, while cnly cne hour iz needed for

moderats changes> in the ceperic. Once the mocel 1s complete,
cgn'!y cne to two hours is needed to analyze the output. (23:5E850
K. ESimulatiaoo for Ircansportation énalxsiz and Blaoning (SI1TaPY
The SI1T&P model is used by the JCE (J-4) about S0 times a
yexr and  waz  developed by the Computer Sciences Corporation
(CSiCa, This model analrzes a wide <spectrum of transportation
vehizlez and wzes a network erstem to complete the amalysis. The

“different movement demands, wvehicles, and defined network are

m

u
Qs

cntralled o the analyest.” The input parameters are as follcws:

1. The network desian
2. VYehicle characteristics and movement
z. _argo description and quantitie=,
&= oa resuilt of thi= input the following cutput 12 given:
1. Mean response times betweern cargo orderinc and

delivery

2. Carqgo and vehicle throughput

Z. FRezource, manpcower, and facility utilization

4, Vehicle waiting times, service timez, ang id'e
timez for each wvehicle twpe node.

il the lTimitations of the model are directly related to the size

ot the computer. In order to adequata2ly uzz the mcdel, cne to

two man-weeks are required to acquire the data baze, atter whichH

ancther man—yeek te needed to format the data. MmNt the
ccmputer run i= made, which mar takes between 10 minutez to &0
minutes of cCru time, cne hour to two dars ar e neceszary to

analyze and evaluate the results. (2Z:4270

Z-11
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.. Transpeortation Model (IREUEMCL
The TRANSMO Model wacs dewveloped and iz used by the US Army
Concepts Analysis Agency. The purpcece of the model "ie to

determine the arrival time of US forces in overseas theaters of

aperation.” (33:7&%) Thiz 1= accompliched by <scheduling the

f

deployment of forces with specified transportation vehicles. The
input iz divided into three types of characzterizstics: force, lift
vehicle, and general. The force characteristics include troop
strengths, weights, origin, destination, resupply, consumption
and cargo trpe. The 1ift characteristics are the speed, lcad and

unicad time=, and capacity for each type of cargo. Finally, the

10
D

neral! characteristice inveolved are port restrictions, distances

T
D4

tween ports, and attrition factore. The output of the model
provides a detailed <cummary of the deplorment schedule. To

utilize TRAMNEMO, one week is needzd toc acquire the data base and

04

two man-week=s to transform the data into the proper input format.

Then after about 19 minutes of CFPU time, one man-week |

il

necessary to analyze and evaluate the ocutput.

Summary
In this chapter the different strategic deplorment models
have been reviewed. Though many models exizt concerning the

deplovyment of forces, none mest the cbjective of this recearch

project. Thiz 13 so for many reazons. First, the models are
rezponze criented, az the specific units and the order of their
deployment iz determined previousiy. Second, the models do not
addre<z the problem of tranchipping the supplies to the combat

urittz forward of the APOD.(S:22). Third, the port capability of

the AFCD in receiving the intertheater shipmentz i< not examined.

2-12
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Finally, none of the model=z uze gcal programming to optimize the
amount of delivered combat power. Therefore, none of the exist-
ing deployment models adequately addressez the objective of this

project.
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IIT. Model [Deuelcpment

In thi

wi

chapter the mathematical expressionc of the gqoalsg
and constraints uzed in the model will be developed. These goals
and constraints are taken from the thesis of Capt. CocokKe and are
adyusted to the form wused in the computer program. ANy
differences between the two will be discussed in full detail.
Frior to deweloping the gecals and constraints, the wvariables,
multipliers and subscripts will be defined. Next, the goals
fcllcwed by the constrainte will ke derived. Follawing each
constraint will be the number of that type constraint necessary
for the model. Fimnally, a summary which will contain all the
goals and consztraints in their mathematical exprezsion will be
given.
Variahle Barameter=
The definition of the parametersz will be discuszsed prior to
the presentation of the model that was deuveloped by Capt. Cooke.
(3:4:-75)  The variables are defined as follows:
Variables uzed:
XCigd, Ky the number of deiivered aircraft lcads.
[AC/PERICL]
F{k,1>: <lack and <surplus variables uszed in the equality
constraints.
Uty,m,13: the number of units deplored. [UNITS/PERIGD]
Sl: the amount of supplies transshipped in period 1 from the
AFOD to the front. [TONMES/PERICD]

Subscripts used:

a: the APUD.
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this model the m

follows:

K: a specific type of

1: a specific period,

intratheater air)

¥: & cspecific type of
- are identified by

unit=z deployed at

t: a specific type of aircratt,

mode is divided into three methods as

range i from 1 to I. The

aircraftt are identified by¥ the user.

J: a specific trpe of mission, range is from { to J. In

icssions are divided into four areaz as

1 = direct delivery, 2 = APOD delivery, 3 =

intratheater delivery, and 4 = airtorne delivery.

cargo, range is from | tc K. Here,

the cargo is divided into five categories as follcowe:
l=gutsize, 2Z=overcize, 3=bulk, 4=passenqgers only, and

S=supplies (considered toc be bulk size cargo’.

range is from ! to L.

m: the mode of delivery, range is from | to M. Here, the

follows:

I=delivery to the front, 2=delivery via the APOD and

remain at the APOD or move to the front on their own,

to the APOD and move to the front wvia
ift.

unit, range t1s from | to Y., The units
The first Y are all those

the uszer.

the front.

¢ Multipliers used:

~ABC(¥>: the airborne capability indicator for unit type .
t The value iz either 0 or 1.
;. AT rd e the anti-tank capability of type ¥ unit expreszed in
E equivalent TOEs.
: AL d: the availability of type + aircraft.
F. CICyd: the Combat Indicator: 1 i¥f a combat unit, -1 if a
f combat csupport unit, and 0 if neither a combat or combat

3-2
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support unit.
CPI(1>: the combat power
pericd 1.
DAPDFT :

DUSAPD:

DUSFRT :

EAS(Ci KD the

GATC(Y1) : the desired goal

—1

INTRACIY:  the
mizsions. [DAYS]
K&RGO 1 ,kK): the carqo capacity of tvpe

cargo. [TONS/ACT

N}
[

LY

the distance between the AF0OD and the front.
the distance between the US and the APOD.

the dicstance between the US and the front.

line trace capability of type ¥ unit.

Hf: the same as Ha, but for the front.
[ INTERCi»: the numker of days required between
¢
[ micsions., [DAYS]

number of darys required between

]

index for arriving at the freont in

[KM3]

[KM]

[KM]

standardizing factor for the MHE required to

with type K cargo.

[ KM]

i unload aircraft trpe i
i FLT(y>: the front
FFP(¥): the firepower capability of type y unit.

for anti-tank power by period 1.

{TOE]
E GFLT(1)>: the decsired goal for front line trace by period 1.
‘
1 [KM]
E GFF(1): the desired goal for combat power by period 1.
! GTC(i)»: the ground time for tvpe i aircraft to offload,
t" upload, and/or refuel. [HOLFS/AC]
;' Ha: the material handling equipment capacity in pallet
} equivalents exizting at the AFCD pricr to the
deplovyment. [PALLETS/DAY]

[FPALLETS/ DAY ]

intertheater

intratheater

aircratt with type K
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MHEC12: the pallet capacity of type i aircraft., [PALLETS]

My: the movement time required by a unit ta go from the AFOC
tc the front by ground transportation, rounded to the
nearest integer. [FERIODS]

L: the number of periods considered in the model,

NPAL: the number of Pallet Equivalents (PE) that an ALCE
unit can manage in one day.[PALLETS/DAY]

MFRK{Ci)>: the number of type i aircraft that can park on the
ramp of the APOD. [AC)

NMFK{y)>: the number of type y unit fighter aircraft that can
parkK on the ramp of the APOD. [AC]

NTaC{y>: the number of fighter aircraft assigned to trpe ¥
unit. [ACAUNITI]

NUM{i): the number of type i aircraft in the inventory. [AC]

FL: the number of dars in one period. [DAYS/PERIOD]

RC: the number of pallets the Army Riggers can prepare per
day. [PALLETS/DAY]

SPD(id>: the no-wind cruise speed of type i aircraftt. [KM/HR]

TON(y,k>: the amount of tonnage to move for type y unit of
type K cargo. [TOMNS/UNIT]

TON(y,S>: the supply consumption rate of type » unit.
[TONS/UNIT/DAY]

TRP(y): the ton-mileage capability for the transportation of
supplies to the front for trpe ¥ uni t.
[TON*MILES/UNIT/DAY]

TULCrD: the amount of distance that type y unit can move in
one dary. [KM/DAYI

UNMIT(y>: the number of type y units available. [UNITE]

3-4
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UTECi ,42: the utilization rate for type i aircraft on a trpe

J mission. [HRSAD&Y]

A1l combat  attributes are not "mutually reinforcing", as
some attributes are very effective in one area, but ineffective
in other areas. If the attributes were "mutually reinforcing”,
then the objective could be met by simply deploying as much of
thz combat attributes as possible without regard to the type of
uni ts deplocred. This is not the caze, therefore decisions need
tc be made to balance the different units deployed. An oaitrcratt
squadron is a good example. Here, the aircraft are very
effective at interdiction, but ineffective at maintaining
terrain. The objective of thiz program is tc meet the
"requirements or cspecified goals" of the decizion maker, and then
tz "maximize specific force attributes.® Goal programming

accomplizhes this ocbhjective effectively, and is therefcre

C utitized tc meet the goals and force attributes.
The qoals chosen to represent combat power are anti-tank

(~T» capability, defersive frontage (front line trace or FLTy,

———

and firepower (FP). The first two goals do not depend upon time,

!
i while the last goal does depend upon time. The time—dependent
vari1able implements & concept dezcribed in the 1581 Congres-
x‘ sionally Mandated Mobility Study. (27:30) This concept proves
t that a small force cdelive~ed in the right place can be up to <six
timez more eftective than the same cize force delivered at a
}‘ later time. The time-independent geoals will te dizcussed
{ first, fcllcocwed b, the time-cdependent goal. (5:30-&
: 3-=
¢
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Included in the time—-independent goals are the anti-tank

(AT>» and defensive Ffrontage (FLT) goals. Since the anti—tank (A7)

‘ gocals are independent of time, the amount of combat power each
unit contributes is= related only toc the trype of wunit and the R
number cf units deployved. Therefore, given the multiplier AT{y), i
ﬁ which reprecsents the amcunt of anti-tank potential a <cpecific %'
unit exhibits, the <following exprescion represents the totzl ﬁ
anti-tank potential at time pericd 17, assuming no attrition of j
‘ units, for a given mode of transportation: ®
vo ooz 1
x pu Z ATy % UCy,m,1)
¥y=1 m=1 1=1
4
! The expreszicn would be accurate if the units are delivered to .r
the front and are available to act in combat upon arrival., Naot :
all deliveries are made to the front by direct delivery, though. E
' For unitz that arrive at the APUD, there are two means by which ®
ther can be delivered to the front. The first way is through
zelf-delivery (m=2). That i=, each unit has the capabilityr to ]
i mcue itzelf by means that are organic to the unit. The second ®
war for a unit to arrive to the front 1= through intratheater ]
airli1 ¥t (m=2>. Each of these meanz will be discussed separately. u
[ Self-delivery to the front (m=2) ic the ability of a unit ®;
to move itself <from one point to another point without the i
A
azziztance of ancther unit, When concsidering this mode of _;
! travel, the time-di=ztance relationship must be considered befcre 4
the wunit can be concidered "claozed to the combat area.” This i
concept, *closed to the combat area," means that the wunit is :
! available to the ground cocmmander to engage in acticon as needed. .:
Therefore, all units delivered to the APCOD are no® considered as i
)
\ 3-5 °
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ccntributing to the anti—-tanK potential unti] the wunit has
"closed". To consider this situaticn, "My 1= defined as the
closest integer of the dicstance from the APOD to the front
(OAPOFTY  divided by the distance the particular unit can travel
in one day (TWL{x¥)) times the period length (FL) considered.
My= NIMNT [DAPDFT / (TWLCy) % PL21]
[distl/{[dist/darl=*ldars/periodll=periods

The tfunction NMNINT calculatecs the «closest integer of the
expression. Therefore, concerning <celf-delivery to the +front
trcm  the APOD, the left-hand cside (LHS) of the constraint is as

tsllowe:

Y 17 =My
2 ATy #® Udy,2,1
y=1 1=1

Intratheater airlift (m=3) is the airli+ft within a
particular theater of coperation=. The time-dicstance relaticnship
= not concsidered becauce the flring time from the APOD to the
frent 1= asszumed to be short with recspect to the lenqth of time
per period. Therefore, given that troops and equipment are
auailable at the AFCOD, the following expreszion gives the LHES of

the conztraint:

L ATy % Udy,2,10

Finall¥y, some wunitsz at the AFOD may poszess anti-tank

©
]

ctential and must be considered. A fighter squadron at the AFQD

Wi

an example of <such a unit, Units azzigned to the APOD  are

o
i
"

umed to kbte shipped only to the AFCOD. That ics, a unit deztined

for he AFJD wouid not be shipped to the front either by direct
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or a:rccrne delivery and then require transportation to the APOD.

n

A a result o this, the time dicstance relationship between the
APOD and the front 13 nat considered, Therefore, the following
exprezzion consi3erzs  unit:z at the AFOGD that contribute to the
total anti-tank power deployred:

i 1

bl P ATy UGy, 2,10

y=7 +1 1=1

When all of these left hand sides are cummed, the result i<
the total amount ot anti-tank power deplorved by time peried 17.
Theretore, given the fact that GAT(1’) is the amount of anti-tank

power cesired by pericod 17, the following is the mathematical

expressicn of the goal:

Y 17 Y7o 1 =My
DI = AT y) * UCy,m,1) + T Z AT(y) * UCy,2,17
y={ 1={ m=1,3 y=i 1=1
Y ‘ 7z
+ b Z ATy * Uly,2,1) >= GATC1 ")
y=Y’ +1 1=1
In the abowe exprezsion, direct delivery (m=1) and intratheater
celivery (m=3) are exprezczed in the first term. The <second

summation includes front units delivered to the AFCGD and able to
move to the front independentivy, Finally, the third summation

}

[

includes the units aszigned to the APOD. (S:5
The defensive frontage (FLT) goal is developed in the same
fazhion as the anti-tank (AT) goal. The multiplier FTL{y> iz

u

N

ed tc reprecent the amount of defensive frontage a specific

urnit contributes tec the goal. Therefore, the exprecscion
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reprecenting the desired amcocunt cf defencsiwve frcocntage (FLTY by

period 17 is as follows:

oo Y 1My
L £ T FLT(y) * Uly,m,1> + =T T FLTC x> * Udy,2,1)
y=1 1= m=1,3 =1 1=1
]
Y 17
+ £ T OFLT(y) * Uiy,2,1) >= GFLT1")
¥=7 +1 1

—
~ o
,

to be di

—

w

cu

ur

The third goa sed ie firepcwer. The only
difference between this goa! and the previcusly mentioned goals

iz that the firepower goxl is time-dependent. This means that o,

the worth of the same amount of firepower will change cver time. ]

If, though, the time—-dependent portion of the goal iz represented
br a multiplier, then firepower would be similar to the other
goals with the excepticn of the time-dependent multiplier. This
time—dependent multiplier is defined as the combat power index
CPIC1)Y, and i= dependent upon the period that the unit is "cloced
on the combat arena." The term FP(¥) is the amount of firepower
a zpecific untt cocntributes to the cverall gcal. Therefcare, the
exprezsion for the desired amcunt of firepower by pericd 17 is as

follcwes:

]
Z £ & CFRI{1) = FF(y) % Uly,m,1)

Y7 1My
+ = = CFICI+Myr % FPC(y) % U{y,2,1)
»=1 1=1
Y 17
+ = ps CFI{I) = FP<(y) % U(y,2,1> >=  GFF(1 7))

y=7"+1 1=1
Ccoke doe=z not adjuszt the time-dependent index tao reflect the
transportation delay from the AFOD toc the front. An adjustment ®

1z made here though because the index chould reflect when the
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uni t iz avaiiable for combat, not when 1t arrives at the AFOD,

(5:557

n

The three trpes of goals used to measure combat power are
anti—-tan¥, defensive frontage, and firepower capabilityr. The
firz=t two goals are not dependent upon time, while the third goal

—_ ~

= time-dependent. “~11 three goalzs were derived and are similar

with the exception of the firepower gcal. This goal was modified

to include an aZdZditional multiplier to represent the time-

-
g
T

dependent paorticn of goal. Mext, the factors which constrain

the attainment of thesze gcals will be examined in detail.

The different setz of constraints that limit the attainment
c¥ the different coals will be examined. Some of these
cxnztraintz may later be discuzsed as goals, but will presently
be claszified az constraints. Theze constraints involve bath
aircoatt and un: t= ceparately and  jcocintly. & complets

dezzript:ien and devslopment iz examined independently for each of

the follcwing conztraint

1N

Gurccaft Lametation=s: The Timitation of aircraft iz divided
int:  two csete of constraints, aircraft availability and average

&
“

utirlizaticn r

n

The first constraint set will deal with the

i
11
11}

numter of mic

n
"

icne possible from the number of aircraft in  the

o Force inwyentory and their reszspective availability to
partircipate it the deplorment. Then the cecond ccocnztraint cet
grves  the number  of misstons anticipated given the expected

number o hoyr = per x» the aircratt will be available to 1

3-10
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1. The +irzt constraint set will retlect the number of R
4
R
aircratt sorties dependent upaon the number of aircraft availabte ;
and their availability rates. “&notmportant factor here e the 4
portion of a dary that is= required between likKe miszicons., EBecausze
most  of the intertheater mizzions would reguire more than one ;
day, but lezz  than two daye for a round trip, there is some T
overflow froem  the previous dar. Therefore, the following 3
EXOTEesS S| On satiz=factorily explainse the number ot zorties :
vallable focr a deplorment:
2,4 K
Interdi * = P Kit g g KelD
J=1 k=1
K
+ Intrairy  # Z MO 3,10 = NUMy = &UAILCIEY ¥ PL
K=1

There 1z no cuwertlow considered between periods. Cocke considers

the cverflow between pericds in his model because his period is

=

equal Yo oone dav, The period length in DEFLDY ie cignificantly
Varcer than  the Inter{i) term =0 realism i= maintained by not
crnzidering coerftlcow between pericds. There is cne constraint

Eer aircratt type per period, or a total o+ (IxL).

2. Thiz =ze* <of constraintz considers the number of aircraft
=ortiez  in relationship to the expected utilization (UTE) rate. 1
The UTE rate 1z "commonly used ts define  airlift  capability?

;
1z, and 1z the "fleetwide average Flying hours per dary per ;
aircraft.t The zavwerage number of sorties  the fleet of  a
partiycuiar trype cf arrcraft can be expected to fly in o a pericd s
2z Fo et

1

<

T4

R

z-11 !

e

.
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1K
S KARGY,S ¥ X4i,3,5,10 - F(S,1-1) + F(S,13 = RC * FL
i=1 k=1

There iz one constraint per period, or L conzstraints.

Summarc

In thi

1
M
a
o
(o
M
-

the mathematical exprecsionz for the goalszs
and constraint:z that are used in the model have been derived.

Th

T

majority of the exprezzicons were taken from the thesiz of

1

Capt Cooke with only a few minor changes. In addition, the

variable

1]

s <cubscripts, muitipliers and other terms uszed in the

mode | were defined. Finally, a summary of the constraint

(3]
n

cwen with the total pumber of con=traints that are in the model:

[ul

Goaxl=—Time Independent

Anti—tany
N V7 b A Bt 5%
T T ATy % Uly,m,l: + = T ATy % U(y,2,1)
y=1 1=1 m=1,3 y=1 1=1
Y 1~
+  Z ToAaTdyr ® Uly,2,10 = GATCIYD
y=7 +1 1=1

¢ 1 Yoo =My
T T T FLT(,) * Uly,m,V} 4 > > FLT(y> % UCy,2,1)
»=1 1=1 m=1,3 y=1 1=1
i 1
+ = = FLT x2 * Uly,2,1: y= GFLTC17D
=04 1=1

)
.

i
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support unit, This term adds one conztraint tc the problem.
(3710

2. A commen  example of a unit linkage floor is  "the
relationship between combat wunits and combat service <cupport

uni ts, such a

11}

headquarteres [HQ) unitz." One way to expreszz at
least a 1 to 5 ratio of H@ s units to battalion units is:

cmbt - SHG <= 0.
& problem with this is that, in the initial deployment, a HQ unit

must precede thes caombat battalion, This i

n

clearly not desired
in the model or reality. A better expression is,
cmbt - 2HG <= Zz,.

Here two combat units could deploxr before a HE unit 1= required.

Furthermocre, ane  HGE unit could handle a maximum of Ffive
battalionsz, and twe HGE units could maintain up to eight
battatlions, This expressicon conformse more accurately to  the
present doctrine and practice. fs a result, this exprecszion

"would add cne constraint $for each Jlinkage between combat units

anZ other teype of units.” (5:72Z>

b

Unit abilitiss: Uni t abilities = the lacst <cet of
conztraints to be examined, Here the airdrop capability bz

lTimited b» the personnel responsible for the preparation of loads

for the airdrop. Mathematicall, thizs is expressed ac,

1 K
¥ & KARG(iI,S) # X{i,4,Kk,1) <= FRC ¥ PL
i=1 k=1

(&)

[\

in the caze cof the shipment of units, the previcus
period’s surplus, P(3,1-13, and the present period’s =urplu=,

FCS,1), change the constraint to be an equalit:.

PP W

PP

Py
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a2z 1n the lazt constraint, only the first ¥ units are depiored l
at the front while the remainder (Y’+1,...,Y) are deplured at the é

|
AFAD. There i3 one constraint per period or a total of L

constraints., (S:7

L]

)

'mit Linpkage: This secticn dezzribes certain ceilings and

.
floorze ¢f  the particular units degplored in relation to other #
urnits deplored. When concidering its ceiling, more of a E
particular unit cannot be deplored without a ccrresponding é
increase in another type of unit. Conversely, & floor requires ]
the deplorment of a particular unit in order for ancother unit to :
increase the number that are deployred. Both of theze terms Keep ;
certain wunitse in a particular predetermined ratio. First a j
zpecific caze of a ceiling will be discussed, +followed by an
example of a floor, ‘
1. An example of & ceiling iz "the deployment of combat ]
support arms such as artillery, requiring a minimum number of
combat unit:z to be deployed before mare follocw-on artillery™ are ®
deplored. In order tc Keep the ratioc between combat designated ?
uriit=z  and combat support units in at least a one—-to-ocne ratio, E
the fcllowing expression i3 used: ;
b 2 L h
p z . CIC¢y> % Uly,m,1> >= 0
y=1 m=1 1=| 1
Here, the multipliers CI<{y) are combat indicator variables to

diztinguizh between combat, combat suppert, and cther units, and

are given the valuecs 1, =-!, and 0O respectively. The first two

trpes are self explanatory. An example of an "other” unit would

hd

be the ALCE as it is conzidered neither a combat nor a combat

¢
ra
&
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1 |
= £ KARG(i,S) * X(i,j,5,17) + S1 + P(S,1" -1 ]
i=1 j=1,4 ]

B
1
Y 3 17-1 i
- = £ PL % TON{(y,5> * Wy,m,1> - F(5,1)> = 0, i
y=1 m=1 1=1 3
~
and
1
T OKEARGCH,DY * X(i1,3,5,17)
i=1
Y 3 1My
+ X Z I[TRF{y> *= PLI/LZ2 # DAPDFTI * Uy ,m,1) >= 351
y=1 m=1 1=1 .
There are two constraints per period or a total of 2Z2=L
4
constraints. (5:43-9> Y
3. The constraint of <csupplies for the APOD will  be
discuscsed in this section. A< in all the other cases, supply j
must equal or exceed the requirements of the deploved wunits, ﬂ

Supplies that come into the APOD are either consumed by local

deplored units or chipped to the front by deployed truck units cor

28

intratheater aircraft missions. The supply constraint, then, is

the <sum of the supplies delivered to the APOD, plus the =surplus

supplies frem the prewious period, minus that which iz conszsumed

et

toth

s
r
b
m

AFOL, minus supplies transshipped to the front, and minus

the excess supply for the period. The result is as follows:

PN

I
> KARGCi,S) * X{i,2,5,177 + F(5,1°-1) - §1 - F(5,1)

i=1 J
Yoo1-1

- & T FL ¥ TON(y,S) * U(v,2,1> = 0.

y=Y’+1 =1 :

The SI1 term relatez to the previcus supply constraint at the !
1

trent and is the amount that is sent forward to the front. Also,
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KARGO T ,5) % X0i,J,5,17)

M-
T‘r‘a

i=1 1,3
Y 2 1 My
+ T = b3 {TRPC(y)> = PLIZLZ # DAFDFTI % Uly,m,1)
y=1 m=1 1=1
Y 3 17-1
- = = = PFL * TCh{y,S) * UCy,m,1> >= 0.
y=1 m=1 1=1 B
Another constraint must be added to the above expression to K
enzure that aircraft and trucks do not ship supplies that are not i
available at the AFOD. By 1letting &1 equal the supplies ﬁ

transshipped during periecd 1, the parameter is limited to the

L T

capacity of the transshipment pipeiine. Thi=z iz similar tc

stating that the actual amount supplied cannot exceed the
capabitlity of moving supplies to the front from the APOD. Here, j
the variable TRP(y?> functions as an indicator variable, in that g
1t the unit considered is not a transportation unit, the value is f
zerc. The expression for period 17 is then as follows: i
I :
T KARG(i ,5) % X{i,3,5,17) Y

i=1
R
Y 3 17 -My 5
+ X b L L[TRPCy) % PLIA/LZ ¥ DAFDFTIY % Udy,m,1> >= 5] "
y=1 m=1 1=1

"
Furthermore, the value of S1 muct be lesz than or equal to the B
amount of <supplies left over at the APOD. This additional j
caonstraint will be discussed further in the conzstraints of ‘
-9

supplies <for the APOD. Therefore, the final constraints when

cchzidering slack and <surplus variablecs are az follows:

g
z-22 i
J
1
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deliveriecs (j=1), intratheater misszions (J=3J and airborne

S
-

[ ]

=,

"

celiveries (j=4%, Mathematically, thi=z iz expr ed az follows:
I

p KARGCi ,5) *# X{(i,j,S,1)
i=1 j=1,2

5

tdhen considering the transportatiocn of supplies via truck,
the time-distance relationship must be considered along with the
unit’s capability of moving supplies. Each unit hasz an  input
parameter of the number of ton-miles the unit can move per day
[TRP(¥>1]. A combat wunit though iz normally given a parameter
equal to zerc. This means that the combat unit can only move
supplies From its rear area to itz Afront. The following
expression determines the number of tons a unit can move in one
pericd.

ETRP(y)> * PLI ~ [2 * CDAPDFTI]

[ton—miles/dayl * [dars/periodl / I[milesl = [tons/period]

The two in the denominator reflectz the round trip dictance from

the APOD to the front. Therefore, the total tonnage shipped via

truck 1z as follows:
Y 3 17 =My
3 b2 = [TRF<»> * PLILZ *= DARPGFT1 % U(y,m,1)
y=1{ m=1 1=1

By combining the expressions for the amount of supplies
brought to the front and subtracting the consumption of the
supplies by the wunits deplocyed to the front, the recsulting

expression I3 formed:

(0]
|
r
—
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tor the remainder o+ the period. Therefore, given the parameter
f‘ TENCy,3%  as the daily concsumption rate of a specific wunit, the

supply constraint for period 1’ is:

I 2,4
) KARGCi ,5) % XCi,j,5,17) + P¢(S,17-1)
i=1 j=1
Y 3 1-1
- ¥ ¥ £ TOM(y,5) ¥ PL % U(y,m,1) - P(5,1°> = 0.
y=1 m=1 1=l

Here F(3,1“) represents the surplucs supplies shipped in the 17th
period, while P(5,1°-1) is the surplus carried forward from the
previous period. Again, it is assumed here that each unit upon
its deployment has sufficient supplies to sustain itself for the
remainder of the period. There iz one constraint for each period
or L constraints. (5:&7)

2. Here, the constraints to enzure adequate cupplies reach
the front are discussed. Every unit not based at the APDD is
considered to consume its supplies at the front. In other words,
all the units with the exception of the APOD-ALCE, the fighter
gquadrons and the transportation unite concsume their supplies at

*he front. In the +ile that contains the information on the

different wunitz, the first Y’ units are deployed to the front,
F’ while the others are deployed to the APOD. Delivery to the
1 front can takKe place by cne of four meansz;

a. direct delivery,

b. airborne delivery,
c.
d

( transportation via intratheater airlift, and
' . transshipment via truck.
The last means of delivery, by truck, will be discuczssed
[ separately, The exprezcion of the total amount cf <cupplies
]
delivered by airlift is simply the sum of the number of direct
S-29
q{
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1t the unit iz not airkbeorne capable. The expression then

I \f' 7/
Z KARGCI,KY * X{i1,4,K,1) — = ABC(y)> % TONCy,K» ® Ulx,1,1)
1=1 y=1

+ Fik,1-1) - Fi(k,1> = 0. ;H

Once again, there i1c one caonstraint for each period and cargo

type, or L*K (K=4) constraintz. (S:44) -

L! Shipment of Supplies: Supplies are included in a sepai ate q

} claszification <(K=5), and are used to describe the aggregate

E needs to sustain a unit. Therefore, once unitz are delivered to

o the thexter, there is a requirement to sustain the unit with a 3

‘ certain tonnage of cupplies. Therefore, the input must equal cr ?
exczed the consumption of supplies by the deplored units. Three ﬁ

,‘ different zectiones will be discuzsed concerning this issue,. The :

? first section will insure that there are adequate supplies 1

delivered to the theater to meet the reeds of all the ditferent

V\,_JO Iy

‘ units in the theater. Then, the second section will incure that
F the neceszary supplies reach the units deploved to the front.,

Finally, the last section will insure adequate supplies are

}

;. available for  the unitsz based at the AFOD. Each of these i
T sectionz will be examined in turn. g
F i. The requirement +.r intertheater supplies is wvery 3
-. similar t2 the shipment of units previousliy mentioned. There is J
E: cne d,fference though; all the unitz that have "clacszed" in tie ]
E- previcusz periods are those receiving the supplies. The supplies

!

} are delivered cnly, for the unitsz deployed in the previousz periocds

becausze 1t |

1

assumed that each deployed unit haszs encugh supplies

——— o~
PO )

(A%
i
—
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Y
T KARGI K % X{i,2,K,1) - = T TON(y,k> # Uly,m,1> >= 0
1=1 =

[

=2

—
3

However, because excezs carge [Fik,1)] or early cargo [P(K,1-1)]
must also be considered, thece variakhles should alsc be included
in the constraint.

KARGOT Gk % X ,2,K,1) —
1 b

' r\] —

11V1<

3
T TONCy K> * UCy,m,1>
m=2

[l

+ Flk,1-1> - F(K,1> = (.
Finally, to ensure that cargoc moved to the APOD reaches the

front, an additicnal constraint is added:

I Y
3 KARGCI k) % X{(i,3,K,1)> — X TON(y,ky * Uly,Z.1> >= 0
i=1 =1
There are two constraxints for each period and cargo size, or L¥K

(K=4) constraint=. (3:&5-&2

2. The <shipment of unitz to the front via direct delivery
is very similar to the shipment of units to the APCGD. Therefore,
the expreszzion to indicate the closure of units tc the front by

direct delivery is:

1 Y7
ZOKARGOI Ky ¥ K ,K,1y = Z O[1-ARCy>] % TONC(y, k) * Udy,1,1)
=1 y=1
+ P(K,1-1) = P(K,1> = 0.
A= betore, there is one constraint for each periocd and cargo

t pe, or L*K (K=4) constraintz. (3:588)

2. The shipment of units to the front via airdrop is also
csimslar to the previouzs conztraint with one minor difference. To
insure that only airborne capable wunits are delivered, an
indicator wvariable AB{(y) 12 necessary. The value of aABE(y) i<

equal to one if the unit i= airborne capable, or is equal to zero

Z-1
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arriving firszt to APOD and then transporting themselvuez to the
front, If the ALCE units were unable toc move themz=elves, the
third <csummation would not exist. There is one conctraint per
period for both the APOD and the front, or 2%L constraints.
(9:483-4)

Upar Limitatico: The numbter of units shipped 1z cbviocusly
limitaed by the number of wunits available,. Therefore, this

constraint is simply expreszsed as the following:

3 L
= z Uiy ,m,;1) <= UNITC(»y).
m=1 1=1
There 1= one conctraint for each type of unit, or a total cf Y

conztraints., (S:é4>

Shipment of LUoit=: Thi<s <ecticn will discu=zz the three
different wars that units can be shipped into the theater. These
three warys are via the APOD, airbecrne delivery, and direct
delivery.

1. The delivery completicn time fcor the units to the AFOD

i examined in thi

Ul

section., Whern & unit is transported in its
entirety, the unit 1= said to be "claoszed."” All fighter aircraft
squadrons, and transportation units are assumed to be delivered

and assigned toc the APCOD. ALCE units are unique in that they are

azsigned to either the +front or the AFOD. Each wunit is
dezcribted in terms of perconnel and cutzize, owvercize and GbulkK
tonnage. Therefore, the unit cannoct be "closed" until all the

personnel and tonnage of each type of cargo for the wunit (=

delivered. The mathematical expression of this is az follows:

AN —'-‘T




h “aagey

LA S g Ao il A ot S0 N an b a4

MY RN

—T

-

o
i

LA AT AN LR S R AT T2 Tt T Gt M S -‘-‘1'\—';'?.'1f'f‘T'?':7"“"7‘1‘f:':7"f‘1' TLTETETLY T e RS T T e T e - - - e A‘l
1
‘f
pallet equivalents that an ALCE unit can download in one day
Since the period here spans many dars, an arbitrary term of less By
than one is multiplied by the number of newly arriving ALCE .;
units. The multiplier in this case is one-half. This will more j
clozely approximate the additicnal assistance gained frcm the .H
newly arriving ALCE unite than if the periods were treated ]
similar to a single day. Finally, becauce the number of aircraft :
"moving throcugh the APOD must not be greater than the "
3
capabilitiez at the airport to unicad them", the follcwing
;
constraints for period 1’ are established:
For the APOD: 1
®
I K
= P T  EmS(i, k) ¥ MHECI) * XCi,j,K,17) -
i=1 j=2,3 k=1 -
17 -1 ]
- £ NPAL * PL * U(ALCE,2,1) e,
1=1 1
- .5 ® NPAL = FL * U(ALCE,Z2,1’> <= Ha * PL
For the front: —f
®
I K ]
- = T OEAS(l kY ¥ MHEZiY» # X{i,j,K,1)
i=1 j=1,32 k=!
17-1 .
- = T NPAL * PL * UCALCE-FRONT ,m,1) ®,
1= m=1,3 -
17 =My )
- = MFAL * PL * U{ALCE~FRCMNT,Z2,1) ]
=1 - d
d
- T .S % NPAL * FL % U(ALCE-FRONT,m,1°> <= Hf * PL .
m=1,3
Concerning the conztraints at the front, the second <cummation
considers the ALCE wunits arriving either by direct or o,
intratheater delivery. The third summation, conziders ALCE units 4
]
4
3-14 \
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A ospecial situation to cansider here 1= the caze of fighters
assigned to the APRPCD. I+ this is the circumstance, the fighters
must be asszured available ramp space at all times, Therefore, by
cecmbrining this constraint to the previous constraint, the result

is as follows:

I 3 K
pa = I X, i,k * GTCid 7/ [PL % NPRKCI) ¥ 24]
i=1 =2 K=1
Y
+ U(y,2,1> ¥ NTACC(y) / [PL % NPK{y>] <= 1.
y=7"+1

[unite/periodl*[AC/unitl*[24hrecl/([days/periodl*[(ACI*[24hr=/day])
The Z4 in the numerator and the denominator cancel out, but the
units are important to <chow the relationshipsz between the

variabltes. There is one constraint for each period considered,

AT \._ - WAL G GIe . i] W)

or a taotal of L constraints., (S5:&2-3)

2. Thie section reviews the constraints of material

. X

.t

handling equipment (MHE) at the APOD and front. The time to off-

3
lcad an  aircratt is dependent upon the number of pallets the E

3

aircraft czxn haold and the type of carge being off-1caded. The !

number  of pallets an aircraft can hold (NPALY is easily i

cetermined, while the relative eaze with which these palletz are E

E

cffloaded 1= not, Therefore, the variable EAS{i,k> measures the %

relative eaze with which pallets for type 1+ aircratt with type K ;

E cargo can be off-lcaced. I+ all the aircraft and cargo can ke i
4

4 remcoved with the same eace, the vartables are all equal to cne. %

The rezcurcez avartlakble to downlcad the aircraft are the MHE

b avairlable prior to the deployrment (Ha for the AFQOD and Hf for the

e 2

e front., and the ALCE with i1tz "ancillary port improvement

packages" (AP&L). The wvariable APAL meazurez the number of

3-1¢%
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conziders the amcunt cf ramp parkKing space awailable Ffor the

m
-+
r

airocr at the AFOD. The <cecond constraint of MHE will
interface with the capability to unload an aircraft once it has
arrived at the AFCOD or front.

1. This set of constraints considers the limited amount of
ramp <space awailable at the AFCOD. A linear relationcship s
assumed between the area required for different type of aircraft.

Specifically, i+ the ramp is sufficient to park a total of 48 F-

16"s or 12 C-130"<, the ramp is alzc sufficient to park 294 F-1é°s

and & C-13207¢, or any convex combination thereof. This
approximation i3 adegquate for most "airfields except very <cmall
fields with end-pcint sclutions to parkKing limitationse.” Here &

targe aircraft could bicck off a taxiwar or runway from other
aircraft. Narmally thcough, this iz not a problem becauze APOD’ <
are normally not "chosen at minimally capable terminals.* (S:61)

The parameter which conciderz ramp space is= parkKing—-cpace
required per unit time for each twpe cf aircraft. Here, it is

aszumed the aircraft |

unloaded and zerviced within the planned

ground time (GT<i1))., This parameter is constrained as follows:

2
Z} I; Z? Alt,d,K,1> % GT{i>» ~ [PL % NPRK(i) * 241 (= 1,
i=1 J=2 k=1
(Al /periodl#lhrsl/(ldays/periodl#{ACI#{hre/dayl)
Here, 1s summed only over the missions that transit the APOD.
Alza, all the units for the terms are cancelled cut, leaving a
unttliez=z constraint. When the left hand side of the constraint

1tz equal to one, the ramp <pace ic completely saturated.

W
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[Pl = UTE v, 0 =% MMy # SFDO10) 7 0

[\

# DUSAPDI.

)
(L
1

i

Jpericd * hourssday ¥ oaircraft # KmoShourl/[kml=
aircratt/pericd

The number "2" in the denominator reflects th

T

"n

azpect of a round
trip, the total distance flown. When considering only the

aircraft that are involved in the deplovment, anc not the entire

fleet of a particular aircraft, the akove expresszion must ©b

Tq

multiplied by the percentage of the aircraft that will be
available in the deployment. Cooke deoes not include this last
factcr, but <should, as withcout it, he iz saring that a1 the
t1»ing time for a particular aircraft type i= consumed bkr the
aircratt in the deplovment.

[P UTEC,j» % NUMOI)Y * AVAILGI) %= SPDCGI2Y ~ [2 % DUEAFDI.

(davz=/pericd % hourc day % aircraftt * % % Km hourl/lkmi=

'
'

Therefore, the av

L]

rage number of a cpecific aircraft that will
fl» in a given period must be less than or egqual to the abowve
EHpreSEiOn. Ev rearranging scme cf the terms and summing awer

the missions and cargo, the following constraint is develcped:

J K
D [LAUTECT (303 % XOi,0,K,170
=1 k=1

= [PL * NUMOI) = AVAILCE)Y # SPLCIXT / [2 * DUSARD]

LCooke uses a standardizing factor to convert aircratt of the

zame type, flring different miszicns to an equivalent number of
sorties  4+or the respective mizsion. The ratio wuszed 1= as
foll ows:

(Drztance cther) [Ciztance from the US to AFCD)

-
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“Gircratt Sorties

2,4

Inter¢i) * X
J=1

K

+ Intradin * =
k=1

4
+ = [1AUTEC) 233
k=

K
+ = [1/7UTECI 301
k=

One for each gcal.

KO 3, K,10 = MUMCiI) = AVAILCI) # FL

One for exch aircraft type and period.

= [DUSFRT/NUSAPD] * X(i,j,k,17)

£ KO, Z,K,0)

* [DAFLDFT/DUSAFD] # XOi,3,K,17)

a w bt it A A i e A M it B AR STVLURTRR ST e DENCHIS A e i S Tr e ,—‘
r‘:.
9
;o
g
t' Fire Power
: Yoo !
{ £ & X CFI{1Y % FPiyy # Ulr,m,1)
(¢ y=1 1=1 m=1,3

\I// ]"’M:’/
i + =~ = CPICI+My) % FP(») * U(y,2,1)
y=1 1=1

ke .
+ = = CPIC1Y % FPi{y) % Uly,2,1) >= GFP(1")

RN & @ e fo .. BWER_ S S .0 e f_ ¢ SR AN X 8 A S u s A A A

1
F’
; = [FL # NUMCIS * AVAILCIY %= SPDCIX] / [2 ¥ DUSAFD] 1
\
One for ezach aircraft type and period. A
Airport Ramp Space .
b [
L o I z K !
3 = = L O XliydakKyld % GTCiY / [PL # NFRK(i1) % 24]
; i=1 Jj=2 k=1
} \
{ Y ?
H + X Uly,Z2,15 ® NTAC(y) / [FL * NFK{(y)1 <= 1, |
ey s 1
r. 7= +1 :
L One for each period.
[
P' Z-27
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Airpert MHE

Fcr the APQD:

I K
T = > EASCiLKY ¥ MHECI) % X(i,j,K,17%)
i=1 j=2,3 k=1
17-1
- & NPAL * PL ® U¢ALCE,2,1)
1=1

- .S * NFaL = PL * UCALCE,2,17) <= Ha = PL

For the front:

1 K
= = = OESSCi kY ¥ MHECI Y % X0, 0,K,170
i=1 j=1,3 k=1
17-1
- = i NPAL = PL = UCALCE-FRONT,m,1)
1= m=1,3

17 =My
NFAL # PL ¥ UCALCE-FRONT,2,1)

tm

—

i

- Z .5 * NPAL * PL # U{ALCE-FRONT,m,17)> <= Hf * FL

m=1,3
fine for each periad.

Unit Limitation

3 L
= p2 Uiy, ,m,1) <= UNIT(r).
m=1 1=1

Crne for each deployable unit type.

w
|
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Shipment of Units to the AFOD 3
I Yooz ]
£ KARG(i,k) * X¢i,2,Kk,1> — T I TON(y,k)> % U(y,m,1) i
i=1 y=1 m=2 -
4
+ P(K,1-1) - P(K,1) = 0. ]

and
1 Y 'i
T OKARG(I ,K) * X¢i,3,K,1) - I TONCy,K) * U(y,3,1> >= O %
i=1 y=1 X

Two for each pericd and cargo size.

Shipment of Units via Direct Delivery
1 Y’
L KARGCI K> # XCi l,k, 13 = & [1-AB(»>]1 ¥ TONCy,k> % U(y,1,1)
=1 =1
+ P{k,1-13 = P{Kk,1> = 0.

Cne for each period and cargo size.

Shipment of Units via Airdrop

1 o
Z KARGLI KDY * X{i,4,k,1> = T AB(y) * TON(y,k> * U(y,1,1)
: i=1 =1
-
1 + P(K,1-1> - P{k,1) = 0,
ﬁ. One for each period and carge size.
Thezter Supplies
|
I 2,4 )
| I KARG(I,S) * X{Oi1,j,3,17) +# P(5,1" -1 ’
' — =
- i=1 j=1
p B
Y 3 17~ :
. - & = Z TOMN(r,S2 ® FL * Uly,m,1) - F(5,17) = 0. ’
E y=1 m=1 1={
¢ One for each pericd. %
f
q
.
3 2-20
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Front-Line Supplies p
I
by = KArRGT ,S) # X(Oi,0,3,17) + 21 + FP(S,17-1>
{ i=1 j=1,4

bl u!‘h

; - £ . ¥ PFL * TON(y,S) % U{y,m,1> - F(S,1> = 0.

O, 3%

and
1 .
.  KARG(I,S) ¥ X<(i,3,5,17) .
i=1 :,%
»
Y 3 1 -My
+ = = Z [TRFP(y) * PLI/1Z2 % DAPDFT] * Uly,m,1> >= &l
y=1! m=1 1=1 .
A
Cne for each period. U
®
APOR Supplies .
.4
I
T OKARG,SY ® X{i,2,5,17) + P(S,17-1) — S1 - P{S,17)
i=1 4
®
1
Y1 -1 3
- = = PL # TOMN(y,S> *® Uly,2,1> = 0.
y=Y"+1 1=1 ]
One for each period. »
K
LinKk of Combat and Combat Support )
\
Y 3 L q
=z X I CI¢(y> * U(yy,m,1> >= 0. i
y=1 m=1 1=1 ]
o
~4
One 4
Link of Units and H@’s Units !

cmbt - ZHQ <= 2.

One for each HG’s Unit.

—r e T T =
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Rigger Capability

I K 1
p £  KARG(I,S5) % X{i,4,5,1) - F{(S,1-1) + F(S,1>» = RC # PL :
i=1 K=1 [/
Cne for each pericd. ]
The upper limit for the total number of aircraft wvariables ]
iz 1 %= J % K * L, while for the unit variables it is Y * M. ®
é Hcwewver, because many of the combination= are nonexiztant, the )
? number of actual variables necezzary is considerably less than ]
lr. Iy
L‘ the upper ltimit. The rnumber of equaticons from the constraints, L
in arder, iz # Geoals + 2(I#L) + 2L + Y + 4<L*K> + 4L + 1 + #HQs 1
y + L, or # Goals + # HGs + 201%L) + 4CL=K) + 8L + Y + 1,
| o
| ¢ st
& .4
(
A §
P .
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4
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1) Th2 Genarsl Modpl B
Intraduction
;1
CEFRLTY 12 an interactive goal programming mcde ! for the ;
ragic depiorment of armes forces. The program Fa3F (Fartition:ng
~Aigorithim for Goal Frogramming? 1= used Ffor the allocation )
.
routine.(3:37E-840 This chapter will dizcusz goal! programm.ng o
(GFJ) in general aicng with its relationship to linear programm:ng

weil acquainted with GF. Then in the second section, the P
program wil) e examined a=z to why it was chozen and the

efficiencies a

Aszociation tor Computing Machinery (AC0M) and, because it is B

N

coprrighted, cannct be wused for commerciai use without {

4

permissicn, L

Geoal Ercooramming £

T

. . - . J

Linear Frogramming (LFY iz a very powerful and useful tcool, 5

-4

Eut its  “"major griticism ... is that only cne objective i3 q

permittec.” (1Z2:322) When only one cbjective i= uzed, the "gecals ]
muzt be measzured on a common scaxle." (12:258) Cften though,

Qecizicn maKers are confronted with more than one objective such L/

az masimizing *Stal protits or minimizing total costs. A few cf 1

the many obj

cividends

deplcyment

2ctivesz may be improving the workers” morale, paring )

to the stcckhoiders, and meeting the consumers’ needs. ﬁ

A1l of theze objectives would be very difficult to put on a .
comman scaie., This is certainiy true when concsidering the rapid

of armed forceszs. Here, the cbhjective 1= to maximize %

delivered ccmbat power without jecpardizing the sustainability of :

;

a-1 I

result, this chapter will serwe as an introduction to

familiar with GF and act asz a rewvwiew to those who are

.

3

o)

e

4
zociated with it. FAEGF waz acquired from  the IJ

w
y
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F the Qgeslorved foroec, The problem with using LP is that combat

F powe~  cannot be expresszed on a commcn  scale, but rather iz

tt

measzured in relationship to the amcurnt of anti—-tank power, front

line trace and Ffirepowser & <specific unit projects, Goa

=y

Fezaramming (GF: can manage multiple objectives and for this

reazon 1= us2d faor the general allccaticn routine.

In discussing 0GF, the set-up procecss and the asszignment
frocess will be explainesd, followed by the mathematical
e . preszion. Each objective must be formulated with a specified
numer o] GoAan trn the <cet-up process. This 1= similar to the

ceyeztive function in LF except the cdeszsired level or outcome of

trhe chyective must be cspecitied. Mext, the as=zigrment of values

fa )

tz  the cecision variables 1s such that the weighted sum of the
deviaticn variakbiesz Ffrom the objective functicn’s goal is

minimized. (3:172) Mathematically this is expressed as,

min f= = [ Fiwd %= Wii,ky = d¢i¥ + P2y = Wai sy % ddiy 3
i
; +
LOMOi g o# Ky + daiy - diid = glit s, ...,
J=1
® i
- - -~ o P L R P -
i — Flrygr % X0y <= k(i i=p+l,...,p+tm
J=i

M, G i T, d iD= 0 =1, a,n; i=1,...,p (12:371)

e
~1

he firzt csummatior is the weighted sum of deviations <from the

u

(]

[

Bjective functicon., Here, the WCi,k) is the assigned weight of

the cdeviation variable dd(i) for priority K, while the FP’s are the

E' pricr .ty factors of the cepecific priority. Ey aszigning weights
! to  the dewiart:raon variables, it i= po=esible to prioritize the
b

;.

a 4-=

]

y

3
a . J
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gcals within the same level,. These wvariables will be d: ed

cus

[0}

more exten

iwely in  the following paragraphs. The <seconc

summation is the goal objectives with "g{i>" being the specified

lewel  of goal Pt Finally, the lacst summation iz the normal
cecnstraints similar to those found in an LP probiem.

The pricrity Ffactors are alsc called preemptive-priority
factors. This indicates that "any goal at preemptive—-priority K
{designated P{K)) will alwars be preferred to (i.e., preempt) any
goal at a lower priority K+i,...,K, regardiess of any <scalar
multiplier w(i,k)* or Wi, kY asscciated with thecse 1ower

priorities.” (4:57) Tc understand the preemptive aspect

h

consider, fcr examgple, a po

in
in

icle decision process of selecting a

house to buyr. Suppose the burver’s firzt priority iz that the
house be within a 10-mile radius from hiz place of work. Al

hcocmes that lie outside the 10-mile radius are not considered.
Mext, <suppose the buyer wants tc concider only housss under

$!120,000. A= a resuit, even though houses less than $120,000 may

D ¢
,.
"
-+
0
[
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W
L
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the 10-mite radiusz, ther are not considered and
are excluded <(or preempted’ from consideration by the Ffirst

pricority." (4:57: Therefcra, "the preemptive-priority concept is

used in the decision anaiyzis a3 an iterative screening process.”
(7:1Z80-81)

The finai factors to be discussed are the dewiation
wariakblesz, These wvariables are defined as either positive or
pneqat ve cgdewiation variables, Further, they provide a means to

meazure  both the underaczhievement and overachievement cof a goal.

Er minimizing e ther cone or both, the goal is defined as either a
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ceiiing, +ilocor or 2guality. Thz ftoilowing chart zpecifies whior R
variable to minimize for a specific goal.
GF Form: £¢i) + diid - diidxt = gio o
4;
£Ci) <= gli) : ceiling minimize d<idt,
foiy = g1y @ equality minimize d{i¥ & duiy , or 1
f4id 2= glir» ¢ flicor minimize di)  (%¥:13777 :
el
The deviation wariablee, thersfore, are used tc meacsure the o
: Y
amount that the goals differ from what is dezired. ;

In this section, the difficulty aszsscciated with LF was

’.A_;._‘A P

dizcuzsed alcng with how GF compensates by being able to mana

= 28
A . . S , 1
multiple objectives. Then, the capability of GFP was related to 1
the need of DEPLOY, managing multiple objective functions. In
o . . {
addition, the setup and aszigrnment processes were examined along !
]
with the mathematical expresszion of GP. Finally, the functions R
ot the pricrity factors and dewiation variables were discussed. "
4
EaiE @
The FAGPF rcutine was chozen among cther routines for sewveral
reazcnz, tnciuding its ability to efticiently alloccate rescurces. ’
-4
Firzt, the program had proved itzelf as an efficient allaoccaticn ﬂ
routine in a nuclear exchangs model (BRIK?> by Capts. Bunnelil anc -
Tackacs. (qrsd,873 P&GF could alsc be employved as a subrcutine 1
in DEFLGY and theresfore increass the portability of the mcdel by q
not Eteing bcocund to a necezsary library routine, in addition to
this, PAGF has been shown to be more efficient than one of the -
-
other pcocpular GF packagesz done by Lee. (Z2:381-84) The ¥kKer to e
PGP =z efficiencies is that the qoal constraints are partitioned, |
L
zcme variabiez are eliminated, and & special termination rule is
emploved, Each of thece efficienciesz will ke dizcussed in the L J

tolicwing paragrapnzs.




The partiticning of gQ9oas constraints iz the first eff.iciency
ot FAGF to be examined. Thig partitioning "ie accomplizshed b

observing that, for any goal conctraint i, one and only cne of

-~
F[n
~
or
35
m
T
[
g
2
i
i

may aCCur.

only dii) appears in the objective function,
only d{i>Tappears in the objective function,
both diid and dii) appear in the cbjsctive

P

function."(3:37%7
In case (1> the partition would assign goal constraint i to the
pricrity +Factor asszociated with d(if; in case (2} constraint
would be assigned to the priority factor associated with d(i;;
while in case (37 the partition would determine the higher arder
priority factor Cin terms of the ordinal ranking’) associated with

either diiy or d9v1Y and consztr

ut
[0

int i would be assigned to that
pricrits". (3:379) When real constraints are involved, they are

corizsidered before any of the goal and ar

treated first., Then

m

when the reai con

traints have been satisfied, the constraints

that have deviatizco variables in pricrity ane are con

mn

idered.
Maw priorities continue to enter one by one until either all the

pricrities ars conzidered or the special stopping rules are

initiatea, Bv partitioning the gocal constraints, the problem i=s
diwided into subproblems which are solved in turn, resulting in
improved etficiency.

The next efticiencry of PaAGP to bkbe di ed i the

[}

cy

(0]
[}

elimination procedure. "The motivation behind the elimination

precedures comes from the theory of LP." When a <standard LF

problem 13 optimized, "x(j» cannct enter the basis to form an

atternate optimal zolution” where z(j> - c(Jy> > 0. A corollary

tz thiz theorem iz "in the standard GP problem, if the optimal
4-5
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tabieau For subprstliem S(k2 has been found, then any nonbasic

e t«

~+

{where

pou

variakb

"0

-9 can be a decicsinon variable or &

deviation variabie) which has at least one positive relative cost

[zijr—c(jd > Q0 can be eliminated frcm entering the basis in
sutpreblemsz  SOKkK+#1Y,...,50p2." As a receult of this procedure, g
”
fewsr nornbhazic variables are conzidered for entry into the basice, 4
mak:ng the algorithm more efficient. (3:3800 R
k
The +final efficiency to be investigated is the special 3
stopping rule, When the program determinecs at a subpreblem that ?
)
there are nc nonbazic variablez to enter the basic, the <stopping {
rulz 13 invoked., Thiz rule i= initiated regardiess of the numker 5
»
cf Jower pricrities remaining to be conzidered, Therefore, when E
there iz no poszztbil ity of improving, tihe problem terminates,
Thiz, like the ‘wr azpectz of PAGPE discussed, caucses this 4
S £
prcocoram to be mcore ef+icient. N
Y
Loooinzteo
Thiz chapter haz described the general model of DEFLCY as a 4
"
7 mcce! that incorporates the program PAGP for  the allocation B
rcuttne.  The basics of GF were reviewed along with its advantage

ouer normal LP and how tt satd

1

¥fiez the requirement of multiple

| el T PR AR

chiectives gererztad from DEPLOY, Furthermcre, the efficiencies

ct F&CP were inuesztigated as to whry the routine wasz chosen to

zuppor vt DERPLDY . Thiz ccocncludesz the examinaticn cof the qeneral ]
U

moczZel, amd 1n  the next chapter the model characteristics of ]
R

CEFLDY will be dizcuzzed.
-4
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o Mopel Chacactari=zrizcs
Thiz chapter examines two characteristics of ODE
r
firzt secticn discussesz the model restrictions aiong

zcenario limitaticons concerning the application and us
the model. In the second section, the input parameter
for DERPLDY will bBe reviewed.
Lipitzticn=

E. S. Quade is qucoted as saring, "All of the ass
a mcdel must be made explicit ... =0 his <(the mcgele

will Ee more evident" {11215 Thcu
"necezzarily reflect errore, ther do
perce=ption oFf  the rexd world'o(erZol

paramcunt  that befcre any model = use

limitaticns be Kncwn to the user., Ther
DEFLOY are phrainlv stated, not tc reve

aszumption
the

~z E recsu

g, the assum
efore, the 11m
al error, but

LY. Thne

with the
efulnezz ¥
S neCescanry
umpticons of
rfzy errcrs
z  do nct

modeler”’

u

Tt, it

ptions and

itaticnes of

(U]

to

rather

qgive the uger necessary information, Thiz =zsectian iz divided
ints b ar e as, the firzt areza reviews the mode!l resztrictions
who 12 the zecond area dizcuszzes thes zcenario ltimitations.

Mcdel EBastoick.on=: DEFLOY s appliication and usefuiness are
reztricted b» the +ollowing factors:

1. Cons=tant availakbility of Aircraft. The availability of
aircraft ic conztan® throughout the time periods ccnsidered in
the mocel. That tz, arn alrcratt cannot become more or jess
available #frcm one perind toc the next, The aoni» excepticn to
thi s vz when conzidering  the firzt pericd the aircratt iz

1z rot comzidered az oa pofzible rezource
firzt peraiod cf avarlazila by, the

PR W

firzt period of availability, t

to deploy uni

number of aircratt cons

he aircratt
t=. At the

jdered
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as resourges i a fixed constant ratic of the rnumber ot aircratt -
A
in the inventory. Thiz fixed constant ratioc iz user—-defined. A
)
N N . . . . 4
2. No  individual scheduling between aircraft and deplorec
units. Agircraft in the model move cargo icdentified by the <size
and perizcd in which it is shipped. There i= no attempt to -
9
Qe it T, particular cargo with & specific deplaoved unit, AE & .
resutt, an aircraftt may be transgorting several units at cncez, cr ]
Juszt  one untt., There 1= no diztinction made betwesn theze two 4
]
s:tuaticns., Thiz iz emplored in an attempt toc minimize the
rnumber of different variables in the model. The praces=s 1s wvalid
Eecausza in order for a unit tc "cloze", a specific number oCf ]
ﬂ
pazzengerz and different zizes of cargoe must be transported. The
number ©f each is determined by the unit "cliosing", therefore
there iz no nescd to zpecify the trpe of unit with & particular
®
4
atrcraft. 1
. Men-integer soluytizns. The number of resources utilized N
4
and the number of unitsz deplorsed are not restricted to inteqers, o
L
Therefaors, the zcluticns will most 1Tikely inciude non—intecger
=oidticns., ]
4. Mo svenergizstic etfect between unmitz. The measzure of :
.i
e+fectivenezz o+ 1! degloyed unitz is independent of the number B
arc  tese  of cther uni btz deplored. That = twoe mechanized 1
4
Eattalionz have the came effectiveness whether there are ten  or
®
;
nce artilliery battalionz deplored, 4
3. Linear relationszhig of efsectivencesz of cdeplored units, 4
L
There iz a 1onear relaticnzhip between the total effectivenes:z of )
.4
denlcred unitz and the number cof units degpicyved, W=t 12 meant
S-2
.‘1
. . — . - A
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rase 1z that tne toocxl effectivensIzooF ten Qepicyec mechanized
Battz"1ons s ten  times the etrzctiveness of one mechanized
Battalion. Thiyz 1= realistic i+, in the case here, tnere are a
tew numicer of unitz to deplor.

& Only one AF3D conzidered. There ic only cne APOD that
aircratt can fly into to deliver trocps and cargo. The cecisicn
t> limit  the model tz one APOD was made in order to Keep the
matriz dimenzicns =mall withocut Yosing the realizm. By adding
ancther ~ROD, the canstraint matrix would INCreasze
cons s Cerabirp. (7 17F)

Zoenanis Limatations: The possible scenarioz in a model ars
an PTE S Y an taltar in anr Analysis. I+ the scznaric of the
mooe izonot oo tas oo the situation on hand,  then the rezults
e Yroe o mI e PUorcct azcurately measure  the real ocutcomes.
Therefore, tre s.e-3rny-z of DEFLOY are explicitly =z=tatsz.

{. TeloattrotaIn conzidered, FRegardliess of the miszicn  or
the QoAb b, ne attrit.on = con=zidered. Thi=
ChAT R T NETN -+ LE=LY waz  decided because, to acequately
addrezs atication, o the grot: o wouid have to be matched up wi th
SpEof T AaurITxEt oaz oattr.otion 1z oa function of the aircratt type
anZ the mizzicn bB21ng £1cun,

=, Fortcrne  deluery bz 1 gmited b riggers., A limiting
factor 2f trhe amcunt or carqc celivered via air-delivery iz the
Mas imum  army 1 Zger cutput, It 1= zzsumed that there s nc
conzitraant on oavairlable parachutes.

o The time zpan conziderec iz focur five-dar periods. The
Yome =pan tz a set gf tour linked periods of +Fiwve dars. Ex
reduyc ng the  numZer of time perod:s cInzidered, the number of
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CEFLTY 12 & unigue interactive wyszser—-+triendly computer
program that cpt.mizes the ccombat power delivered to & theater
during & specified time pericd. Further, the unitz deplored are
Kept within acceptable levels of zustainabiiity. This Final
chapter iz divided into two major zecticns. The firzst cecticn
. - . -1
will dizcuss a summary of the modeling process. Next, the major ]
accomplizhments of this thneziz will te precsented and, Finally, ;
—
rzcommendations for further research will be given, %
Mooel Zemmacy
Triz theziz was initiated after & recommendation frocm  the
-
theziz "Gptimizing Forcs Development and Force Structure for the ?
Fapid Deplorment Force" completed in March 1584 B &rmy  Captain "
Jame sz Cooke. Coore demonstrated for the first time a particular
methodology which determines how the interactions of unit weight, o
combat attributez, Jogistiz:z needs, and airlift rescurces can be 1
_ o L , . ]
jzinti s ocphtimized. (7 40 The recommandation from CookKe’s thesis )
1
WA D to talke the mathematical form ot the modei and dewvelop 1t q
9
vt a wuzer—friendly computer packKage that could be used to ]
4
- - - —— s b
analsze different F$orce mixesz. DEFLOY  accomplished this
reczmmendat on and more. The major accomplizshmentsz of DERPLOY are @
di in the next zection.
Ma oo eccooplizhment=
]
There zre three major accomplicshmentz compieted in CEFLDY.
-
R
Firzt, th=e ma*hematizcal model demornztrated by Cooke 15 developed ;
o
nto AR interactive wuyser—friendlsy compotesr  package  and, in
232 b o bt oiniz, the uszec iz akle to perfzrm analr¥ziz on 9;
dirfrerent +orcz mrues and Jifferent Lrll 2tz Second, DEFLCY N
.-
"
A
-1
*
4
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Ar analrziz of the cubtput reveals many intereszting resultes.
First, the C-% arnd C-141 are very heavily relizd upon  for atl
topes of mizzions anc for all sizes of cargo. Furthermcre, when
there 1z no direct deltivery capakility, airborne delivery iz uszzd
extensivelr, Thiz points out the regquirement for & direct
delivery type aircrafti, cuch asz the C-17. Finally, the
impertance of deploying fighter squadrons and ALCE=z i3 shown in
that the minimum number of both are deplored.
Summary

This chapter performed the neceszary wverification and
demcnstration c+ CEFLOY. The wvertfication ensured the
correctness  of the model with di4ferent data sets u=ing MFCOS for
an allocation routine. The demonstration showed that DEFLOY dces
indesd wor«, Here also, an example was discuszed along with the
meaning of the ocutput from DEFLIY.

o
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17e ~LCE AT X 1.3z08142
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07THE GTAL ACHIEVEMENTS ARE

PRIGRITY GCAL NUMEER OVER-ACHIEVEMENT  UMDER-&CHIEVEMENT

2 7e L0003 2.65%

= P 135,200 .0000
4 go L0000 3&.2161
S &1 Looao 1.9%7%%

The output of PAGP gives more than juset the variable values.
First, the subprotlem or priority number on which the

cptimization ended is specified. This number will alwars be Jess=

than or equal tc the number of priorities considered in the
problem. One of thne efficient cocding technigues cof PAGR ‘d
4
dizcuzzed in Chapter IV iz the uze cof zpecial stopping rules. R
Here, the program is stapped if non-basic variables are about to ]
ernter the bacsis. As a result cf this ctopping rule, the ending ‘
-
subprooliem may be less than the number of pricorities in  the R
prcbiem. Second, the number cf cornsiraints, inciuding goals, ]
: . - . . . . 1
conzidered in the Ffinal problem is giwven, Mext, the wvariablse ‘
numcer, name and valugye is specified. In order to simplify the '}
T
cutzut, cnly the non—-zerg aircatht unit wariakles are given. The !
e
meaning of the name folicws the order of the subscripts of the 4
!;
variable dizcuszzed in Chapter III. For aircraft variables, the {
t pe cf aircraft, mission cr cestination, cargo type, and pericd 9
5
ct  Flight iz speciftied. For unit variablez, the name c¥ the ‘4
unit, mode of delivery cor destinaticon, and pericd of deplorment
1S Qiven. Finally, the attainment of the geoals are cspecified in
terms cf ouver—achievement and under-achiesvement. {
®
-
Y
-
L= 1
i =t
®
¢

@)




Table &-& Simulated PAGF Gutput
THE CPTIMIZATION ENDED ON SUEPROBLEM 5 -
THERE WERE 124 CONSTRAINTS IN THE FINAL CFTIMAL TABLEAU. o
THE OFTIMAL SOLUTICN FOR THE DECISION USARIABLES X(J)
1 -5 APOC  OUT 1 4294083
2  C-S AFPCD OUT 2 2.602293¢
3 C-S APOD OQUT 3 3.5283495 >
4 C-S A&FOD OUT 4 &.TFR595T L
s C-5S AFOD OQVER 1 4.53240120 g
& C-%S APCD  OVER 2 E5,¢&7771S
$  C-S APOD BULK 1 1.9554843 B
17 C-5 AFOD PK 1 1.1104022 1
21 C-S IMTR& OUT 1 .4341N074 4
22 C-% INTRS  OUT 2 2.5383475 %
24  C-5 INTRA OUT 4 6.7929937
27 C-=5 INTR&  OVER 2 15.68438584
25 €-5 INTRA OVER 4 24.9288445
32  C-S INTRA  BULK 3 7.3438435
22 ¢-S INTRA BULK 4 20.8414544 i
42 -5 AIREM COUT 2 Z.5010077 o
as  C-sS AIREN QUT 2 .8532251¢
a8  C-= AIREN OVER 1 537 .83204337
45  C-% AIREN CGVER 2 2.2243774 ]
$  C-S AIREN  EULK 1 17.7928581 y
= C-5 AIREM BULK 2 12.357101% u
=7  C-5 ALREM  FaxX 1 §.128905¢ o,
s3  C-S AIRBN PAX 2 6.4454444 1
€2 C-% AIREN PaxX 2 .4450075 g
42 C-141  @&PCD QUER 2 £.,.7172956 ]
4T C-131 APCD OVER 2 192,712345& ]
63 C-i41  APOCL  CUVER 4 52.4429820 :
$2Z  C-141  AIREM OUVER 1 244.0000000 ®
$4  ©£-141 AIREM COVER 2 239.551359&2 R
10 C-120  INTRA OUVER | 19.255473S
111 0-1720 INTRA GCOVER 2 $5.00000006
112 C-1zo INTFe OVER 4 0.0000000
112 C-i20 INTRA BULK 1 11.1528047
128 7aTC APOC  BULK 2 7.4425244 L 4
130  747C APOD  BULK 3 7.859451%
122 747C AFOC BULK 4 13.S257362
124 7470 AECD FéX 4 10.931933S
137 AREM ETLM DIRCT | S.3113129 i
132 AREN BTLN DIRCT 2 3.488487 1
132 AREN BT M HG  DIRCT z Z.2247247 bd
142  AREM BTLN HG  DIRCT 2 .77207S3 )
145 AlR ATLT EBTLN  INTFA 1 270196 ]
1St AIF ASLT BTLN INTRA 3 .73295374
152 alR ASLT ETLM  INTRA 4 2.5047297% ]
140 MECH BTLM INTR& 4 L0000 L 25 }
170 F-1£ SGON APCD 2 2.2268284 o
171 F-i< SCCh APCD 3 LTTEITLA ]
177 ALCE AFOD 1 LO0012929
&7 \
91
1
\ L s i e o 4
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Qutput Ee=pll=: In thisz section the cutput of the
allocation routine 1= given alceng with an explanation of the
output.

Here, the process of acquiring the cutput data is explained.

DEPLOY generated the appropriate constraints and goalz from the

ke i

input menticned abowve. Then, the necessary informaticn was

passed to PAGF, the allocation rcoutine, to scatisty the

constraints and maximize the goals. At this point, a wery 3
|

unusual situation occurred. Though PAGP had been checked with a »

emall problem in the identical format for the deployment problem,

an examination of the cutput proved the results invalid. The
cutput was invalid simply because the consiraints were not
satisfied and, therefore, the answers were infeasible. In an

attempt to <how that the problem could be solved, the Multi-
Furpose Optimization Srstem (MPOS) version 4.0, an LP package,

2 WA

o]

was used. The method of Sequential Goal Programming (SG
utilized to scluwe the GP problem with MP3Z. Here, the first goza!l
became the cbjective function to maximize while lower goalzs were

discarded. Then, the lessor of the goal or the attainment of the

cblective Ffuncticon became 2 new constraint, while, the =zezcond

.

gcal entered az the objective function to maximize. This

iterative proacezz cocntinued until all the goals were considered. -
-1

The results of the final ouput are listed in Table &é-4. N
’
]
" 4
R
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o

[N
(N

.

PR W PAIP O T SO W U GG U NP U T Sy ¢ . U S U S G S SO VI U WO VR ST VORI S




1. DISTHNCES

FROM US: 7200.
FRCM CORPS: 200.
2. AIRCRAFT INTER INTRA OUT OVER BULK
C-5: 1.5 .2 1.0 1.0 1.0
C-141 1.5 .2 .0 1.0 1.0
c-130 .G .2 .0 1.0 1.0
747F 1.5 .0 .0 1.0 1.0
747C 1.5 .G .0 0 .0
3. COMBAT VALUES OF UNITS CLOSING
FPERIOD 1 2.5
PERIGD 2 1.8
FERICD = 1.3
PERICD 4 1.1
4. MISCELLANEGUS DATA
MHE AT APOD Sao
MHE AT FRT S0¢
ALCE CAF 400
RIGGER CAF  430.0
Table 6-4., Deplorvable Units Data
ez2¢
TYFE NUME  OUT QUVER BULK PAX SPL CP AT FT &C PK TP TV AR CI
AREM BTLN 9 0 1400 248 1400 149 412 4 0 O 0 20 1 1
AREF BTLN HG 2 73 0 0 303 0 0 ¢ 0 0 0 0 20 1 -1
AIR ASLT ETIN ¢ 32 950 574 1240 446 & 22 4 0 O 01 0 !
METH ETLN 7 295%  F8ES 120 Z0S2 440 @ 40 & 0 O 014 0 1
152HMM ART BTLN 3 137 1243 21 710 212 3 3 0 0 O 0 12 0 -!
F-id SGONM 3 0 247 158 47T 10z 836 01548 0 0 0 0
MDM TRUCK CMFY T 1093 405 270 250 S 0 6 & 0 0 182140 § O
ALCE 2 174 2213 244 400 73 00 0 0 0 0 0§ 0 O
Takle &-5. Goals for DERLOY
GO&aL # £ I3 25.0 CF FRONT LIME TRACE EBY FERIOD 1
GDAL # 2 IS &0.0 OF AMTI-TANK POWER BY PERICD 2
GO&L # 4 IS 120.0 OF FIREPCWER E¥Y PERICD 2
GCAL # S IS 2.0 OF MECH BTLMN BY PERIGCD 4
£-5
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loput Earametzr=: The =scurce and raticnales for the
dift*erent input parameters are discussed in this <ection, The

majcrity of these parametersz which indicate that DEPLOY works

tho

Lroper v were tihe

W

2 used by Cooke. The &airpcort

W

ame &

limitationz an2 unit weight were cbtained from reference 2, alcng
with the x rorast Timitatione and capabilities but were “checked
arnd medified bEr HI USAF/SA0EM." A= a result of this modification,

the C-% UTE Rate was changed from the £.5 =sugg

i1

zted by the Army,

&
~

m
w8
m
~r
2
T
e
7

to 12.% a=s sugge

Force. The measure of +trcnt 1ine
trace waz "taken from doctrinzl publicaticns,” while the anti-
tank capabilits waz calculated "from TOE data for urit ocwned TOW

and CDR&GTMN weapon srztems, ... using a value of 1 for TCW syrstems

and 0.5 for DRAGON systems." The firepower for  the different

unt bz was not o as exzl

.
.,
)

Etained. Here, the firepower “"was

developed from the reiative firepower of units in & force-cn-—

force  war game at the Army War Cellege." The actual data +iles
uze? are given in Tables 6-2 through &-4, while the goals are
ch oen in Table &-S. The goals start at  the second pricrity,
becauszse *he firzt priority ie rezerwed Tor  the inequality
conztraintz, (7Ti1ZEl
Tekle &6-2 Apircraft Data
TYPE WNMER AUL DRCT APCD INTRA ABRN CUT WER BULK PAX SPD GTHM MHE FF PRK
C-5 50 g .0 12.5 9.0 0.0 &S 25 &40 2S5 B0 25 3Z0 430 3.3 36 1 5
C-131 120 z .0 12,5 10.0 1Z2.0 0 0 2! 14 25 14 110 410 2.3 12 1 12
C-130 208 8 .Q .0 4.9 .0 0 014 614 & 84270 1,5 &6 1 16
7470 30 g .0 10.3 .0 .0 0 0 ¢0 0 %0 O 0 4zZ0 3.6 3& 2 S
TSTP 23 ) .0 10.90 .0 .0 0 0 0 0 0 0 364 430 2.8 36 2 &
L]
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Ptivity ocptione in DEPLOY,

Theze options allow  the uzer to maksz <p

m

c1t:C changes to  the
aircraft, AFGD, and deplorable units data set. The changes are
made one at a time, from a menu of different poscsibilitiesz,

Furthermore, the particular data set can be viewed after any

change . To werify the editors, each option was exercised and
the data viewed. In all case=, the data was correctly changed
and placed in the program. Each of the sensitivity options wers
verified wusing this method. An i llustration of the sencsitivity
portion is given .n the user‘s guide in Appendix A.

EafE. This i3z the program used to allocate the rescurces
according to the methodology of Goal Frogramming. In itz basic

form, PAGP was designed tc read inputs interactively. Therefcrs
zince DEFLOY and FAGP are run separately, there was & requirement
tc pasz informaticon via Files, Considering that PAGP was
verified by EBunnell and Takacz in BRIK (4:77), the only

veriticaticn necessary waz to ensure that the proper information

waz  properly placed. T canfirm this, <several write and print
ztatements wers incorporated into PAGF to check the passed data.
Er testing ditterent data =zats, the input parameters were
vizually examined as  the program performed its allocation.
Lgain, in a'l casezs the data wazs correctly input. Therefare,

FAlGr was vert$1ed for smali problems.

Lexmcoztoataon

Thiz section demonstratez the output of DEFLCY wi th
reazcnabie data. There are two main areas discussed in this

cection, the input parameters ard the allocation ocutput,
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) Table é-1, Constraint Output °
F —————————————————————————————————— T4
: THEATER SUFPLIES
i ALJC 22 1Z20= cC.ooaca C-5 AFPCE SURP 2
" ~1.J0 322 E2= §80.00000 C-5 AIREN  SUPF Z
E ARIJO 2E 0 &8)= 25.00000 C-141 APOD SUPF 2
. AIJC 323 1000= 25.00000 C-141 AIREN  SUPF 2
' AIJC 33 1290= £0.000013 747C APOD SuUPp 2
~lJC 32 1237)= -74S.400000 AREN ETIN DIRCT ¢
. ATJC 32 141:= .aoooo AFEN BTLN HG DIRCT 1
{ ALJO 33 14Z0= —-Z230.00000 AIR ASLT BTLN APQOD 1
—_ ALJC 33 14%9.= —-Z2ZZ0.00000 AIR AZLT BTLN INTR&A ]
ATJC 33 133)= -2200.00006 MECH BTLN APOC 1
AIdl 33 1SV = -2206.00000 MECH BTLM INTRA 1
- ~iJe 23 1s&la= -105C.00000 SEMM ART BTLN  APOC i
~AIJD 25 1&S0= -1050.00000 15SMM aRT BTLMN  INTRA |
ATJD 23 1692= -510.00000 F-1& SQCN APCD 1 ]
' ALJ 33 1732= -Z7Z.00000 MO TRUCK CMFY  AFOD 1 ®
AT J: 33 177:= -365.00000 ALCE APCO i !
ATJY 33 13815= -3&5.00000 ALCE-FrONT AFCC !
~AIJC 33 1850= -365.00000 ~LCE-FRONT INTRA 1 ]
AlJ: 33 170)= -1.0000¢C
AT JK 33 18%95= 1.00000 1
! FHZ!  23o= LOG000 e
5
! o L4
- > RPN —a PP U . i N -J
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varabie s specified. I+ the variabl= i= cargc aircrarti, the
aircratt ¥pe s given aiong with the type of misszicn or
cdestination, cargo type and pericd of flight., I+ the variable is
a deplored unit, the name is given along with itz mode and time
pericd of travel. The mode of travel of a unit is discussed in
Chapter III under the variable and csubscript sections. Further,
i¥ the wariable iz a slack or surplus variable, no name iz given.
Aan example of a constraint printout is given in Table é&-1. By

uzing this

the resulting constraints

feature,

severa

matrix correctly reflected

ma*trix formulation was

! different data sets
examined,

the proper

verified.

caces,

results.

Therefore,

were entered and

the constraint

the
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VI, Verification angd Demoostration

This chapter discs

I

usse

(0]

the neceszsary wverification andg

u

demonstration of DEPLGY. The verification perticon of the chapter
wiil ensure the correctness of the model through a scrutiny of
the waricus paraneters. The demonstraticon will <show, with
reszsonable data, that the model accompliches itz designed
purpose.

Ueriticaticon

This <cecticn verities DEFLOY by conzidering three critical

areas. First, the cnrrectnesz of the matrix formulation will be
examined to enszure that it properly reflectz the goals and
cocnstraintzs discussed in Chapter III. NMext, the <sensitivity

porticn, which changes input parameter=z will be tecsted toc enszure
that the desired changes are in fact made and not misplaced.
Finally, the neces=sary input parameters Ffor the alleocation
routine, PAGP, will be inspected for their proper placement.

Matrix Eoccmulatico. The matrix iz comprised of the data set

entzred by the uszer and the mathematical equations discusszed in
Chapter I11. Theretore, the model assimilates the data given by
the uszer and dewvelops the necessary constraintsz and goals., This

[11]

a noteworthy feature of DEPLOY, which helps the user examine

the matrix formuiation. The u

w

2r haz the copticn of chbserwving the
constraints being generated at the terminal andsor reading a hard
copy of the matrix by routing the file "QFILE" toc the printer.
The echo of the constraint is extremely easry to read and
underztand. Fallowing the title of the consztraint set, the row,

cotumn and wvalue of the variable iz given. Then, the name of the

.

P
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addrezsed first tn relaticnship to the agplication and then to
the usefulness of DEPRPLOY. Next, the input reguirementsz for the
model were examined, In the next chapter a demonstration and

verification of the model will be reviewed.
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EASI{T K2 The relative eas
K can be down-loaded for air-
cratt I.

e with which cargo

CPICL) The combat power indicez for period
L.
MNHA The amount of MHE in pallet equiv-—
alents prepcsitioned at the
APQD .,
NHF The amount of MHE in pallet equiv-
alents preposziticoned at the
front.
MPAL The number of pallet equivalents -]
the ALCE can download. g
FC The riggerz’ capacity to prepare )
airdrop loads per day. K
_________________________________________________________________ 3
Table S5-2 q
Input Requirements for the Deployable Units I
UMAMECY ) The name of the unit.
FIONT O 3 The number of units available for #
deplorment.
MO K The equipment tonnage of cize K for 1
unit Y. 1
NFF{Y) The firepower exhibited by unit Y.
MET O The antitank force of unit Y.
NFT Y The front line trace capability of §
uni t Y, &
MTACCY) The number of fighter aircraft 4
assigned to unit Y. 1
MPK YD) The number of Fighters that can ;
park at the APGD. Rt
NTF{YY D The ton—-mile<s/cay the wunit can 3
transport supplies. L
NT YD The miles/day the unit can :
transport itself. 4
TABLY D The airborne capability indicatcr. a
MCT (D The combat unit type of unmit Y. -
_________________________________________________________________ é
Table S-4
Input Requirements for the Goals .
ITYPE The types of goai. .
cEJ The desired level of the goal. 4
q 1DF The desired period to accomplish. !
D e e e e e e o e o e 9
[ Cenclusicn
3
&‘ Twa aspectz of the model have been discuszsed in this 5
e
chapter. The restrictions and scenario limitaticns were ?
]
A
"1
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Ioput RBeguirsments

Pz in mozt mocels, a completes descrigticn of the entities of
thes mocdel i3 nececscary. The entities for DEFPLCY are diwvided into
four main areasz; aircraft, AFGL, deplorables units, and geozls.
Each area requires specific information, and ic stated in Tables
S-i through S-4. With thi=s information, the cdifferent
conztraints and goals discussed in Chapter III are cornstructed.

Crice thesze constraints and goals are built, the information i

11

our

[nl

f22 into PaGP to optimally allocate re ez for the established

L .
1=

constraints and goa

Table S-~t
Input Requirements for the Aircraftt Inventory

ACHAMECT Y The name of the aircraft.
PO The number of aircraft in the in-—
ventory.

SSS IO The availability of the aircratt,
uvedl g2 The UTE rate for a3 particular
miszsion.

KArEGOD KD The cargo carrying capability for
different sizes of carge.

KT3(I) The cruise TAZ of the aircratt.

GT{Ia The enroute ground time of the
atrcraft.

MHE{T S The maximum number of pallets the
aircratt can carry.

MFF{TD The firzt period the aircraft i<
availabie.,

NFREK{(T The number aof aircraft that can

park at the APOD.

Table 5-2
f Input Regquirements for the AFPCL Complex .
{ CUSAFD The disztance from the US  to  the
P AFQD.
] DeAFLFET The diztance from the APQOD to the
front.
IMTERCTL Y The round trip time for an  inter-
theater miczsion for aircraft I.
IMTRACTD The round trip time for an  intra-
e theater mission for aircraft I.
[
o
3
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¢
3
.
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variatblezs and const

q. Al units

the US. Al units

raints ar

are immediately availtable
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cnificantiy r

educed.

and are locatec In

to be deplared are readr for ceplorment at the

teginning of the first period.

ccrnzideraed to be in

crder to =zustain

predetermined constant amount of cupplies

na prowiszicon  for
uni ts. Furthermor

suppiies to sustain

were not the cas

a central

a unit

A chan
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n

itsels u

d at an area different from the APQOD. If thi
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Aisa, the cargo and troops are

location.

<. A constant daily amount of csupplies

ce it has

ing supply regquir

azzumed that each

l
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ntil

ramp

the followin

aircraftt are

ch as the C-130 that zp=cia

and serving
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depicred, onilx a

is nececzary. There ic

ement +for deplored
unit has sufficient
g pericd.

not deplored at the

lize in ‘nirathesxter

w

requirement would

restrict the capability of the AFOD toc handle strategic airlifth

n the theater" . .(7:
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of ccmbat

ratioc is

to

exp

csection labkeled Unit Linkage.

combat suppor
ltained in Cha

Furthermore,

easily charnged by altering the code in subr

the title Combat an

g. ~irborne

delivered wvia airdrop

d Ccmbat

deliver|

Supp

ez

ort.

ot

t units is se to at
pter IV wunder the

this ratioco can be

outine CONSTR wunder

criginate from the U.S. Units

arrive directly frocm t

he U.S. There is no

capacity to load the airborne cargc at the AFOC. Alza, airborne

units can only ke delivered via airdrop. The

nc atrdrop capable

atrcratt,

refore, i1f there are

no airborne units would be deplored.
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allows  the uyszer to perform ftwe pos 2  types of analszize

optimal accomplizshment of certain dArmy objectives and al=c

determinaticn of the minimum force structure i

= neceszary tao
accomplish the goals cf the Army. Finally, DEPLOY haz mace the
modei more fle2xible than that demonstrated by Cooke. EacHh  cof

these accomplishments will be discuzsed in detail.

Lomputesr Eackace: DEFPLOY permits the user to easil, det.one
the cdesired force structure and AFCGD data. The forcs structure

iz ccmprised of aircratt and Army and Air Force units that mar
participate in the deployment. Each aircraft and wunit has

specific characteristics specified by the uzer to define the

proolem. Cata cntaining the forc

19

structure and AFCGD datx may
be entered interactively or from  a uzer—defined file.
Furthermore, DEFLOY lows the user to makKe certain changes to

the entered data, thereby caving the user the time neceszary to

re—enter the completsz data set to make minor changes.
ITxpe=z C£f &palxsis: DEFLCY performs two trpes of analysic.

The +irst trpe of analrsiz de

e

-+

ermines the degree to which the

Srmr goals can bBe met with 3 given fieet of aircraft  and
depicrabie wunits, The Army goalsz specify levels of Frontline
t~ace, anti—-tank power, and fire pcwer. In additicn, an Army
goal mar inciude the tranzport of a certain type of unit ta  the
front, For instance, a goal mar be to positicon two mechanized

ta*talicnz to the fromt by the tenth day of battle. Each trpe of

oAl ¥3is is determined br the user alcn

Ty}

wirth the pricarity, level cf attainment, and p=riod of completion.

ha

* e |‘~.'
) PR ORI " TR R C UG SR SIS, PR PR . U W W .t

2




—— v
- - hd - Ty —— T — B y 3 n
RN I R e T ) RO T AT DAMEAACEAEA AN M . - - N -

-1
or
T
i
i
Tt
]
2
a
-+
s
o
m
)
-+
w
a
w
.
m
1

gdetermines the minimum fcrce

(U}

structure necessary tc accompiish the giwven Army goals. Here,

[

A
-i
]
1
L]
1
>

the Army goals become hard constraints while the aircraft become
the goals to minimize. When performing this trpe of analrsiz,

the wuser hac the option to treat all aircraft types equal er tco

weight the aircra+t according to cost or any other means. By
o ailowing the uszer the cption of two types of analysis, DEFLOY is
. more verszatile in meeting the needs of the analyst.
te EFlouibility: By having fewser restrictions, DEFLOY is more
flexible in reflecting the actual deployment of armed forces.
The mocel tzed by Cooke to demcnstrate his methodology had  two
{1 reztricticons tha are not binding in CEPLOY . The two é
rezstrigcticnz are that intratheater airlift was "limited to moving
i bulk cargo cupplie=" and ground travel time was considered egqual }
(4 for  all deployed wunits. (4:80) As a result af the Ffirst i
[ restriction, the deployed units to the frormt had ta be delivered ‘
P cdirectly to the front or delivered to the APOD and then required -
m. ts  transzport  themsiwves to the front., I+ a unit was unable to g
% tranzport  ttself or nct airborne capable and there were no j
direct delivery aircraft awvailable, the wunit ccoculd not  be
;! deplored. A example of a unit that is most Yikely wunable to %
transport itzel¥ and i= not airborne capable iz an ALCE unit @
; decicyed to the front to help facilitate the incoming aircraft. ?
;Q CEFLOY removes this restrictiaon and allcws units to be ;
E; tranzported to the front via intratheater airlift. The second ?
%} reztriction analyzed <cshows that all unite mar not be able to )
i |
] tranzport themcesslwes at the same speed. DEPLOY allows the wuser )
E- to enter the diztance per day that a zspecific unit can move and i
s A
- 7-2 1
¢ 'j
]
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time re2quired to travel from the AFCD to the

front. Thiz
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the model toc more accurately reflect the
individual wunits. DERPLOY then, i= more flexikle in its
reflection of the real deplorment of troops than the model used
br CocKe.

Eesommendation=

Rezearch iz an iterative process and, theretore, extended
study would yield continued insight and practical application.

DEPLOY i

n

no exception, so that the following reccmmendaticns are
made for further research:

1. Attrition of aircraft and  trocops  shouls ke
addrezsed to determine the effects that it haz on
deployment and sustaining the units deplaored.

2. & full-scale model should be analyzed with DEPLOY
to determine what can be accomplished with the preszent

day inventory of aircraft,

[}
I
pu}
o
<
in
m
1"

hould be completed to examine Right Hand
Side (RHS, ranging along with other trpes of

<

hd

n=itivity analysics.
4. FAaGP should be corrected <o that it can be use in

conjunction with DEFPLOY.
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AFFENDIX A
User Guide

This guide will familiarize the user with many of the
features of DEFLOY. It will proceed through DEPLOY according to
the various meodel function sequences.

DEFLOY was dewveloped tc be "user—-friendly." The definition
of t"user—friendly"® is taken to mean that anyone with the
necessary data and a limited background in either computer or
mathematical programming could use the model. Since DEPLOY
displarys promptzs and menus on the screen to quide the user
through the model’s functions, the user needs access to &
computer equipped with & monitor,

Many of the prompts which appear on the screen are gquestions
that require answers. Fealizing that a user could input an
illogical response or incorrect data, the model incorporates many
internal checks to guard against these possibilities. An example
of a check can be found at any yes or no {1=y/0=n) question. It
the wu<ser responds with csomething cther than &1 or 0, an error
statement is iscued and the user iz asked to enter in a proper
respanszs, Also, the model discourages the ucer from inputting
inappropriate data. For example, probabilities are accepted only
if they are between zero and one, inclusive. d@gain, if the data
iz out of range, an error statement is given and the user is tcid

to enter in an appropriate probability.

This wuser quide is divided into four main sections. The
first section will discuss the process of conducting new
analysis. The defining of the goals will be reviewed in the

T
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cecond section. Then, in the third section, the <ensitivit,
capability of DEFLOY will be discusszed. Finally, the allocation
output will be explained.

New dpalysis

DEPLOY permits the wuser to input data interactively or
thrcugh user—-designated files. The input data is divided into
three subsecticons: aircraft data, APGD data, and deployrable units
data. This section will describe the type of data needed by
DEFLQY for new analysis.

Data is entered in the following order: aircraft, aAPOC and
deplorablie wunits data. Since DEPLOY follows the <came basic
operation of input for all three data trpes, the following
explanation applies to all three data setz. The first decision
the wuser must make e whether the data ic to be entered
interactively or from a file. If there has not been any previous
analysis which created a usable data base ctored in a user-
designated file, the data mucst be entered interactively. If the

data is entered interactively, DEPLOY will guide the user with a

series of questions. These questions insure that the required
cdata i< input in the correct format. After the data is entered,
either interactively or via an external file, the user has the

cption to view the data cet.
It is possible tc build a data file independently of DEFLOY,

but it iz ex

0
n

r to input the data interactively and allow the
model to build the external file. I+ the data base is input from
an external file, the user must insure the file exists prior to
operating DEPLOY. If a data file is built, its name must be less

than sewen characters long. Since the file muzt be formatted, it

A-2
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easier to allow DEPLOY to create the file.

The recst of this section describes the input requirements
for the three types of data bases uszed in DEFLOY. Each section
will list and briefly describe the required parameters of DEPLOY.

Gircraft lnput: The data for the aircraft may be entered
interactively or by an external file, An example of an aircraft
data file is in Table A-1. The following is a list of required

aircraft data:

Aircraft name -- Maximum of & charactersz.

Number of aircra+ft —— Integer, format 1imit = 99%.

Agircraft avaitability —-- The percentage of aircraft in the
fleet that may participate in the
depiaoyment. Real, between 0 and 1,

inclusive.

F~ircraft UTE rate ~-— Real, between 0 and 24 hours/day,
inclusive.

Cargo capacity -— The tonnage capacity of the aircraft
for out, over, and bulk sized cargo
along with the number of passengers
that may accompany the different cargo
loads. Also, the number of passenger
capaci tr without any cargo load.
Integer, Aformat limit = $99.

Aircraft cspeed —-— True Air Speed (TAS) of the aircraft
in Knots. Integer, format limit = 979%,

Aircratt ground time -— The ground time in hours to off-load,
up—-lcad, and refuel the aircraft at
the @APOD or  front. Real, <format
Timit = 29,

Pallet capacity —— The maximum number of pallets the
aircraft can carry. Integer, format

Timit = 999,
First pericd toc deploy -— The first period the aircraft will be

available in the deployment. Integer,
format 1imit = 99.

. . ~ - . - -
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I

i

The maximum number of aircraft that
can parkK at the APOD with no other
tvpes of aircraft preczent,. Integer,
format limit = 299.

—— . ——— — ————— —— — s T — i — —— — ———— —— i —— —— o — —————— T — —— o — —————— ——— —— —

Table A-1. Example of Aircraft Data File

S
TYPE NMER AVL DRCT APOD INTRA ABRN OUT  OVER BULK PAX SPD GTM MHE FP FRK
€-5 40 .8 0 12.53 9.0 9.8 65 25 &0 25 80 25 320 430 3.3 36 | S

C-141 180 .8 .0 12.5 10.0 12.0 0 G 2! 14 25 14 110 410 2.3 13 1 12
C-130 300 .8 .0 0 4.0 .0 0 014 614 & 44 270 1.5 &6 1 16

747C 30 8 .0 10.0 .0 .0 0 040 090 0 0 430 3.6 3¢ 2 S

747P 20 8 .0 10.0 .0 .0 0 0 0 0 0 0 344 430 2.836 2 S

&P0D loput: As in the aircraft input section, data may be
entered interactively or by a user—-decignated file. An example
cof an APOD data file is given in Table A-2. The following list
contains required APOD and miscellaneocus parameters.

Cistances —— The distance from the U.S5. to the aPOD
and from the APOD to the front in km.
Real, format 1imit = 99,999,

Intertheater turntimez -—- The time required in dayz for each
aircraft, +rom the start of one
intertheater mizcsion until the start
of another intertheater mission
immediately following. Real, format
limit = 10.

Intratheater turntimes -- The <came as intertheater turntimes,
but for intratheater miscsions. Real,
format limit = 10.

Oft-iocading cargo ease —-— The relative ease with which a
specific size of cargoc for a specific
aircratt can be off-loaded. Real
between 0 and 1, inclusive. The
default value is 1.

Combat pcwer indices -—- The time-dependent portion of
firepower. Real, format limit 9%9.
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Preposi tioned MHE -— The amount of MHE measured in Pallet
Equivalents (FE) prepositicned at the
A&POD and the front airfield. Integer,
format limit = 29,?29%.

ALCE capability -— The number of PE‘s an ALCE wunit can
off-lcad in cne day. Integer, format
limit = 99,99%.

Figger capability -- The number of airdrop loads the ~Army
rigger unit is able to prepare in one
day. Real, format limit = %9,99%.

Table A-2. Example of APOD Data File

1. DISTANCES

FROM US: 7200.
FROM CORPS: 200.
2. AIRCRAFT INTER INTRA OUT OVER BULK
C-5: 1.5 .2 1.0 1.0 1.0
C-141 1.5 .2 .0 1.0 1.0 —
C-130 .0 .2 .0 1.0 1.0 /|
747F 1.5 .0 .0 1.0 1.0 B
747C 1.5 .0 .0 .0 .0 a
3. COMEAT VALUES OF UNITS CLOSING
PERIOD 1 2.5
PERIOD 2 1.8 E
FERIOD 3 1.2 L
FERIOQD 4 1.1 -]
4. MISCEi_.LANEOUS DATA
MHE AT APCD 500
MHE AT FRT 500 -
ALCE CAF 400 4
RIGGER CAP 430.0 »
Deplorable Units loput: As in the previous twe cases, the

data may be entered either interactively or via an external file.
A example of a Unit Data file is given in Table A-3. The

following tist contains the required input data concerning the

unitsz that may be deplored.

Unit name -~ Maximum of 14 characters.

Mumber of Units -~ Integer, format limit = %9.

Equipment of Units ~— The tonnage of equipment in different
cargo <cizes (out, over, and bulk).
Integer, format limit = 992,999,

-5

o tm o alatm mtatla e alaeale e -] FIINT S S PP SN S . - PRSP ARPY




LA o JbAn e Jvan B an Jhan Shhe Jste “RA S i “Ran AR i W Uit e Sl M Wl Dl dafi)

Personnel in Unit

Unit concsumption rate --—

Firepower of Unit

Anti—-tank power

Front line trace

Fighter Aircraft

FRamp cspace used

Transport capability

The number of personnel aszi
the wunit. Integer, format
$P,F99.

The concumpticon rate of suppliesz by
the unit for one day. Integer, format
Timit = 9,999,

The amount of firepower the  unit
displars. Real, format limit = 9%,

The amount of anti—-tank power
displayed by the unit. Real, format
limit = 2%,

The amount of defense frontage the

unit can maintain. Real, format 1imit
= 9%9.

The number of fighter aircraft
assigned to the unit. Real, format
Timit = 9.

The maximum number of fighter aircraft
only that can park at the APOD,.
Integer, format limit = %9,

The thousands of ton-miles/day the
unit can move supplies from the @APOD

to the front., Integer, format limit =
7.

The distance a unit can move itself in
one day without any assistance from
another unit. Integer, format limit =
9.

Unit speed -
Table A-3.
8520
TYPE NUME OUT OVER
ARBN BTLN ? 0 1400
ARBN BTLN HG 3 73 g
AIR ASLT BTLN 9 152 990
MECH BTLN 9 2055 388S
155 ART BTLN 3 139 1243
F-14 SQDN 3 0 24%
MOM TRUCK CMPY 3 1098 405
ALCE 2 176 2213

Example of Unit Data File

BULK PAX GSPL FP AT FT AC PK TP TV AB CI
268 1400 149 419 4 0 0 G20 1 1
0 305 6 0 0 0 0 O 020 1 -1
574 1240 446 628 4 0 0O c 18 0 1
151 2052 440 840 &6 0 0O 014 0 1
91 710 212 3 3 0 0 O 012 0 -t
185 472 10Z 836 01842 0 0 0 O
270 250 93 0 0 0 0 018240 0 O
244 400 30 0 0 0 0 6 0 0 0
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LEEINING THE Goal S

CEFLCY performs two trypes of analysis. The first type of
analrsis determinez the degree to which the Army goalsz can be met
with a&a given fleet of aircraft and deployrable units. The Army
goals specify levels of frontline trace, anti-tank power, and
firepcwer. In addition, an A&rmy gcal may include the transport
of a certain ty¥pe of unit toc the front. For instance, a goal may
ke to position two mechanized battalions to the front by the
tenth day cf battle. The second type of analyzic determines the
minimum force structure nececsary to accomplish the given Army
goals. Here, the Army» goals become hard constraints while the
aircraft become the goalzs to minimize. The menu of the choice of
analysis is given in Table A-4. When performing the second trpe
of analyrsis, the wucer has the option of treating all aircraft
equally or weighting the aircraft according to cost or any other

meancs determined by the user.

1. FORCE STRUCTURE- USE THE LEAST NUMBER OR LEAST
COSTLY AIRCRAFT TO ACCOMPLISH THE ARMY MISSICMN,

2. ARMY ACCOMPLISHMENT- GIVEN A FORCE STRUCTURE,
ACCOMPLISH THE ARMY GOALS AS BEST AS POSSIELE.

Gnce the trpe of analys=is has been determined, the different
Army goals must be defined. The wuser has the option of
specifring levels and completicn times of front line trace, anti-
tank power, and firepower along with a specific trpe of wunit.

AN example of the menu to define the gocals ic given in Table A-S.
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The firzt pricrity goal is reserved for certain constraints,
therefore, the wuser may define gcals frem 2 to 11, or 10

different goal

in

. The following list contains the information

necessary to define the goals:

Troe of goal -~ The <cpecified goal from the list of B
possible goals. q
Level of the guoal -—- The amount of the goal desired. Real. E
Periocd of completion —— The desired completion time period of ]
the goal. Integer. S

Table A-5. Menu to Define the Goals

SELECT THE GOAL TYPE FOR PRIGRITY 2
1 FRONT LINE TR&CE ‘
2 AMTI-TANK FOWER
3 FIREPOWER
4 AREBN BTLN

-— 5 ARBN BTLN HG
é AIR ASLT BTLN
7 MECH BTLN
g 135SMM aRT BTN
F FINISHED TYPE 0O

. TR

i

After  the goals have been defined, the user may view the goals a

B

that were defined. Table A-4 is an example of defined goals. ]
Table A-4. Example cf Defined Goalz.

GOAL # 2 IS 25.0 OF FRONT LIME TRACE BY PERIOD 1 !

GOl # 3 IS &0.0 OF ANTI-TAMNK POWER BY FERIGD 2 1

GOAL # 4 IS 180.0 OF FIREPOWER BY PERIOD 2 ;

GUAL # S IS 2.0 OF MECH BTLNMN eY PERICD 2 R

________________________________________________________________ S

U

SEMSITIWVITY abal X315 l

Thi= <secgtion dezcribez the three major sub-areas of a P

-

sensitivity analrcsis or changes in aircraft data, APOD data and a

3

deployed units data. To determine the data set to ke altered,
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the user elect

i

it

the dezired cpticn from the main menu of
sensitivity analvsis. The main menu for the sensitivity analrsis

is given in Table A-7. Once the user celects the desired option,

he will te azked if the data set to be altered has been input
either interactively or via an external file. I+ the data has
not been entsred, the user is directed to enter the data set,.
Unce assur=d that the data is in DEFLOY, a submenu is dicsplayred

from which the wuser directs the appropriate changes. The

7

submenus’ are given in Tablee A-8 through A-10.

SENMSITIVITY MENU

1. AIRCRAFT DATéA:

- DELETE AM AIRCRAFT.

- CHAMNGE NUMBER, AVAILABILITY, GROUND TIME.
2. AFOD DATA:

- CHAMGE DISTANCES, TURNTIMESZ, COMBAT VALUES.
3. ARMY DATA:

- DELETE & UNIT.

— CHANGE NUMEER AVAILABLE.

- CHAMNGE FIREPOWER, ANTI-TaMEK, FRONT LINE

TrR&CE VALUEE.

Table &4-8. Aircraft Submenu

AIRCEAFT CHAMNGE SUBMENU

1. DELETE AN AIRCRAFT.

2. CHANGE THE MUMEER OF AIRCRAFT AVAILAELE.
3. CHANGE THE aVAILABILITY OF AN AIRCRAFT.
4. CHANGE THE GROUND TIME FOR AM AIRCRAFT.

REFLY 0 IF NO MORE CHANGES DESIRED

Y -
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Table A-%2. AFDD Submenu

APOD CHANGE SUEMENU
. CHANGE THE DISTANCE FROM THE US TO THE AFCD.
CHANGE THE DISTANCE FROM THE APOD TO THE FRONT.
CHANGE THE COMBAT VALUES FOR THE PERIQDS.
CHANGE THE MHE PREPOSITIONED AT THE APOD.
CHANGE THE MHE PREPOSITIONED AT THE FRONT.
CHANGE THE CAPACITY OF THE ALCE.
CHAMGE THE CAPACITY OF THE RIGGERS.

NSO B

REPLY 0 IF NC MORE CHANGES DESIRED

Table A-10. Depicrable Units Submenu

ARMY CHANGE SUEMEMU
. DELETE A UNIT.
CHAMGE THE NUMBER OF UNITS AVAILAELE.
CHAMNGE THE FIREPOWER FOR A& UNIT.
. CHAMGE THE ANMTI-TAMK FOWER FOR & UNIT.
. CHANGE THE FRONT LINE TRACE FOR A UNIT.

N & W kY~

FEFLY O IF NO MORE CH&MNGES DESIRED

oUTRPUT
The final section of thi=s chapter will examine the cutput,
or the allocation rcocutine for CDEPLOY. Because of the common

bleck <ize limitation of ASD’s COC-750, DEPLOY and the allocation
routine are two separate programs. Therefore, filesz are used to
pazs the needed information from DEPLOY to FAGP. There are three
such files, TFILE, IFILE, and IDFILE. #After these filesz are read
into P&4GFP, and the goals are cptimized, the results are written

tc the file GPANS. Each of these files will be discussed

-10
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as it contazins the
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i

ary  initial  informaticn for FPAGR. The different input
parametrs defined in TFILE are as follows:

. The pumber of pricrities considered.

The number of variables.

The number of equality (real) constraints,

. The total number of constraintz (real and
inequaltitiesd.

. The number of named variables.

The number of constraints for each priority.

The dewviational variable to be minimized.

The weight of the deviational variable.

The number of non-zero variables in each

constraint and goxl.

£ 0) Ry

R RUBLNE SRS

Once these parameterc are read into PAGP, the coefficients of the

variabless ares inputted.

1EILE: This correzpcnds to the "input" file, as it contains
the walues of the non-zero coefficients in the constraints and
goals. 1t was decided early in the project to read in the non-—
zero terms becauze approximately 24) of the matrix was zero.
Therefore, to correctly determine where in the matrix the non-
zero coefficients <chould be placed, the rcw and cclumn were

Fied

N
(&)
D4
a0
-+

. The +ormat cf the file containz two integers +tollcwed

Er a real number ., Th

1]

inteqgers specitry the row and column

respectively, while the real number iz the coefficieny value to

Ee piaced in thes matrix. As a checlkk, the row value read in was
ccmpared to the row on which PAGP was preszentiy cperating. 14
the two row values were differernt, an errcr meszage wasz iszued
ans the procgram aborted. Finally, by IFILE containing only the

nocn—-zero coefficients, the file creation time wasz reduced toc one-—
fifth the normal creation time, and the storage space wasz

decreaszed to cone twelfth the normal

0

ize had all the zero and

non—-zero termz been inciuded in the file. The =smaller storage
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; cpace allcwed the file to be saved for future analrsis. )
% I0ETLE: Thizs reprecsentz the "identification" file, as it :
{ . L : :
jdentifiez the variables with a specific name and meaning. By .
tnputting the names of the variables, the output is much easier
b
h ta read, az the values of the wvariables are matched with the name
of the variahle.
- GEahS : The final file to be discuszed is the output file
i which meanz "GP anzwers." Here, the subproblem or the last
T priority with which the optimization concluded is specified along
L with the number of conctraints that were considered. After this, ,
! the non-zero decision variables and their values are specified. ‘I
3
. The last porticn contains  the achievement of the different ;
£ pricrities in relation to the desired achievement. An =
;i explaination of the cutput i=s given in Chapter VI along with an :
o A
- example cf GPAMS in Table &6-6. l
[ . .
e
e,
--‘.
Y
L
¥

.AA‘A.:

WAPSPEEr S |

L

(
Lad

L.




LA A Bt B B B A S ') aat A anE iR il et it de A R R A MM A e I

APPENDIX B
LEPLOY Subrontine L istinog
ACFINC ——-  Called by CHANGE and makes the desired changes in  the
atrcraft data file.

ACINF -- FReades aircraft data from an external user—-defined

formatted file.

ACINS -- Allowes the user to enter aircraft data interactively
and save the data in a user—-defined formatted file.

APDINC -- Called by CHANGE and makes the decired changes in the
APOD data file.

~AFDINF -- Reads APOD  and miscellaneous data from an  external
user—defined formatted +ile.

AFGINES —— Allcow

(D]

: the uzer to enter ~&POD-related data
interactively and <cawve the data in a wuser—defined

formatted file,

ARMINC ~- Called by CHANGE and makes the desired changes in the i

deployable units data file. 3

ARMIMNF —— Reads deplovrable units data from an external !

uzer—defined formatted file. i

K

: AFMINS --  Allows the uszer to enter deplioyrable wunits data ﬁ

ig interactively and <cave the data in a user-defined €

formatted file. 1

. ELDFMI ——  Builds  the pointer matrix from with each variable is %

{] azsigned to an aircraftt, unit, or a slack or surplus !

L variable. 1

E COMNSTR -- Builds the inequality constraints from the inputted }

¢ data files. d
-
9
-
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WRIT

Cailed by CHANGE anc writes the descired data file to

an external +ile.
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E; CruNGe —-— Diszplays the possible options to alter input data, and
E_ then calls the neceszsary cubroutine to alter the cata.
E‘ FMAT —— Formats the files for PAGP.
. GOALS ~-- Euilds the goalz determined in MGOAL.
HEADER -— Prints the name of the precgram when the program s
( started.
LIMITS —— Answers the following three gquestions:

1. What is the largest size of cargo that can be
i! delivered directly to the front?

2. dAre there any aircratt capable of airdrop?

3. Are there any airborne units?
;q MGOGL —-- Cizplavse the different goal coptions and <sclicitz the
i goals from the user.
[ POETC —-- Caltied after all the changecs tc the data have been
it made in CHANGE and asks i+ the all the neceszszary data
Z hasz been entesred. I+ all the data has noct bLeen
' entered, the subroutine directs the uszer to enter the
@ appropriate data or data files,
. PEMT -— Called Ffrom CHANGE and printz on the screen the data
: tile currently being worked on.
ﬁ’ REALC -- EBuilds the equality con=traints from the inputted data
: files
i SURTIE -- PBuilds the scrtie constraint for the aircraft.
b
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.
a3 DEELOY Vaciable Listing
{1 Uariable Cefinitico
r AIJINES, IPD The matrix that contains the constraints.
AVAILCTDD The percentage of aircraft of type I that is
available for the deployment.,
CPICLY The Combat Power Index associated with period
L.
DISTOND The distance from the US to the AFOD for N=|

and from the APCD to the Front for N=2.

i
1

EAS{T KD The relative ease with which cargo of trpe K
can be offloaded from aircraft type I.

} FNAME The file name. ]
:d GL3IN,J» The matrix which contains the information é
about the different goals.

GT(I The ground time of aircraft type I.
X IABCT) Aan indicator variable for airborne units. i
;; IDFILE The file that 1is created to identify the

variatble number with a name.

I7P The number of units that are deplcred to the
front.

KARG(I ,K,N) The tonnage capacity (N=1)> or pazsenger
capacity (N=2) of type I aircraft for type K
cargo.

KG The matrix that contains the namees of the
different cargo trpes.

KTZ(I> The TAS cf type I aircraft,

LLOT ,ND The Jower 1imit of missions (N=1) or cargo
type (N=Z) of trpe I aircraft, ’

LMTIND An indicator for the largest size of cargo

that can be tranzported via direct delivery
(M=1>, or an indicator variable for airborne
capable aircraft (N=2Z) or unites (N=3).
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TPy

LP

LPRING

LPS(N,K,L)

LPSLC(L)D

LPUCT ,M,L)

LPX{T ,J,K, L)

LUCT ,ND

ML (M)

MHEECID

MZ{Jd

N&CCDD

NEMECTD)

MeT T

MCCTD

NCICI)

NFF{OD)

MCF

MO ONMEQD

MEQ

NFPCT 2
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The pertod length in dars.

T
V

rF
Qo

cinter array for the slack and surpius
ies

poi
riabiesz +or the Rigger Constraint.

pU

A pointer matrix for the slack and <surplus
variablesg.

A pointer matrix for the slack and surplus
variables=.,

The pointer matrix for the cifterent
deplorable units.

The pointer matrix for the different aircraft
tvpe=.

The upper limit of mission type (N=1» or cargo
trpe (N=Z) of trpe 1 aircraft.

The matrix that contains the names of the
different modes of transportaticn.

The pallet capacity of type I aircraft.

The matrix that containe the names of the
different missions.

The number of type I aircraft in the
inventory.

The matrix that containz the name of the
different aircraft types.

The amcount of anti-tank power that unit type I
projects.

The number of constraints in goal 1.

The cecmbat indicator to distinguish between
combat and combat support units.

The amcount of fire power that unit type I
projects.

The number of real (equality) constraints.

The dewviational variable to be minimized for
constraint number NEQ.

An index variable for the equationes.

The amount of fire power that unit tyvpe 1
prcajects,
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MFETCI

NHA (N

MHO M2

NP

MNPSL

NPT 2

NPRIT

MNFERK Y

NT CMEGD

MNTACOY D

NTONCT K3

MTFCID

MTACT D

MUNITS
MUMT 12

MLGT (NEQD

CFILE

~C

RHS(MEG
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The amount of defernsive frontage that type |1
unit can maintain.

The amcount of MHE prepcsiticned at the APOD
(N=1) and at the front (N=2).

The position cf the hezxdquarter units in the
unit array.

The number of
IDFILE.

named variabiez in the +file

The number c¢f different
considered in the model.

aircraft trpes

The number of pericds considered in the model.

The number of pallet equivalents the ALCE unit
can offlecad per day.

The number of type I aircraft
saturate the AFCOD.

required to

The number of priorities in the model.

The max imum number of fighter aircraft
assigned to unit Y that can park at the APOD.

The number of nonzerc terms in equation NEG.

The number of fighter type aircraft
to unit type Y.

assigned

The number of tcns of cargo type K per unit I.

The number of ton-miles per day that unit trpe
I can trancsport supplies.

The number of milezs that unit type I can move
per day.

The number of units considered in the model.
The number of type I units.

The weight oef the dewiational
constraint NEQ.

variable for

The output file that contains the
in readable form.

constraints

The capability of the riagers.

The right hand sicde of constraint NEQ.
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TINTERC(I? The turnt.me for aircratt type I on an
intertheatzer miszion.
TINTRACL The turntime for aircraft type 1 on an
intratheater mizzicon,
UMAMEC T The matrix that containzs the names of the
difrerent unmits,
_ UTe<t ,J> The UTE rate for type I aircraft on mission

trpe J.
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FoR

Ces

TiPE OF AIRCRAFT

-
oeLm

DO 170 I=1,NMALD

LA Ak A .

haitiiad

;
K
1
%

1
Ces CHETK TO SES IF BEYOND THE LIMITS OF EITHER THE TYFE
Ces GF MIZSSOM LOI,13, TYPE OF CARGO L{I,2r, CE FP
C
15¢2.LT.LL(I, 1) LOR. 3.8T.LU¢1,100 B0 T3 170
IFCK.LT.LLT,20 JOR. K.BT.LUCI,2:0 GO 75 170
TEOLLLTWNFRUINY GO T30
ATJOMER, LT, 3,K, L) = ~Ka R"nT,K,lﬁ
MRZTE'1? U4JNEQ LPHOT,3,K, L), AT TINER, LFKIT,3,K,L0 0,
1 NeME< 1) ,MSC3) KBk ,L
15 (LAMS.EQ.0r GO TO 170
PRINT 04,MEG,LFX(I,3, K,h' JAIJINED,LFKT,3,K,L00,
{ NEME (D) MTE3) GnHJ L
173 COMTINLE
i
Ces FOF EaCH T72S OF UNIT SHIPPED TO THE APGD, J=2 FOR THCSE REMAINING
Ces @7 THD APID 05 WeLHING TO THE FRONT, J=3 FOR THOSE UNITS DEPLOYED
Ces  TO THE FAONT BUT FLrING INTRATHEATER AIRLIFT
L
LO 172 I=1,MUNITS+!
J=2
IFCT.GT.I7P.AND.J.ME. 2. AND . T LE NUNITSY 60 TO 172
IF(I1&B7 17 .EQ. 1) GO TG 172 :
ATJINEER,LPUCT,J, L0 0= NTOMOT, KD 2
LWRITEC 13, 029NER,LPUCT ,J, L) ,ATJINER,LPUCT, J, L3, §
: UhaME S T MDY A
IF (LaMS.E2.00 6O TO 172 B
FRINT fs,mEs,=Hh\x,U,Lm,ﬁ:J(N"a,LPLaI,J,va, »
1 UMAME (13 MDEJD L q
LTz CoMTINUE -
C ‘
Ces  IMPUT THE RIGHT HAND SIDE OF THE EQUATION .
N :
RES(NET= 0.0 [}
WRITE( 13,02 HET,RHS(NEQ: .
IE(LANS,EZ.0. GG TO 188 :
PRINT 03 ,MEZ,QHENED :
T T I R R R N T R R N T I T R i R R R I R R I R R R R L c.
123 CONTINUE g
C L]
Ces FIF Pu33EMGERS :
c .
NEJ=HE 3+ -
L e e e e e e e e e s -
Ces FOR EalH TYPE OF AIRCRAFT -
0 174 I={,MMAC »
Ces CHEDY T3 SES IE BE/CHD THE LIMITI OF EI1THER THI TRC :
D-72
®
L e REPULIPY e — N A 4 P P |



A M e Baadeet-Bue e It Ttte "t S o8 AP Math Sl Sal il A i

F?'HT 33 NET,LF
! UNRIME S 10 MD
1Z2 ::?fIhUE
t3: JNT IMUE

4 -

£

RHSINEG Yy =HNUMT (I
WRITECL3,05NED RHS(NED:
IF {LaN%.EG.0) GO TO 154

1

[

FRINT 08,NEQ,RHENEDS
S T T

1‘ COMTINUE

-~

- I
mmr— 2
) :3 -

E.NUNM TS.A*D.4 NE.2Y GO 70 téd
a1 I ANDLMLEQV LY GO TO 14D
140

G 4 - O

L++ FIR EuCH PER:
Do 12z ,
SIJCMEQ LA T M, L s=1,0
WREITEC! 3 OEﬁh:u,LPU(I,M,L),rIU\AEJ Leui D ML,
! M8 10 MOy L
IF LakMS.EG.0 G0 TO 142
FRINT OS.N'T,L“U(I,MiL),AIJ(NEQ,LPUiI,M,L)},
1 URSME T T MO OM L
1a2 COMT IMUE
1a5 COnT INMUE
=7 COMT IMUE
RS NEQ=MUMT CNUNITS
WrITZe 13, 08MEG,RHSHED)
IF ¢_AMELE2.06 GC T3J 144
FRINT 92 HEQ (RHSNED:
it i it e e e e ettt e e
Ses THEIURLITY FIR THE ZHEIFAMENT OF UNMITE FRCM THE AFGD 7O THE FRONT.
Cs# THIZ INSUFRES THAT WHAT 1% SHIPPED TO THE FROMT DCES MOT EXCEED
ces LERAT 1T SU=lmEPLZT TO BE ZHIFPED aT THE APSE.
L
Iad PEINT #, memm s e e e e e
PRINT ¢, UNIT SHIPMEMT FRCHM &POD TO FROMTS
FRiNT 4, mmmmmmm e g
R L 4 e e
WREITE L3, LUMIT SHIPMENT FRCM APOD TO FRONT
WRITE 13, %1 mmmmmmm = m e o ‘
C
C++ FIOR E=ilR PERICD

c
Cee =IRE QUT, CTUER, AND BULX CARGO

0-7:

P

'
et

.. J

K




Ty yY

FORTVCTD (ERLOY GO TO 1S1
F=IMTCODIST 23 0/ REALINTWV T3 #LP

IF(MY.G6T.L) GO TO 151
DO 153 IL=!,L-MY
COEF=NPaL*L®

ATJINEZ,LPUCT M, IL) )= -COEF

WRITEC!13,03INER,LPULT M, IL) (&1 JONED,LPUCT M, 1LY,

1 UNAME < 13 ,MDEM)Y |, IL
IF (LANS.EZ.0% GO TO i
PRINT 032,NEQ,LPU(I,M,IL

1 UNAME LT ,MDAMY, IL

CoMT IMUE

m =

33
]

yATJIMNEQ  LPULCT M, TLY S,

(YN}

i3
[
C#¢ INFUT THE RIGHT HAND SIDE OF THE EQUATION
C

151 RHSUNEG

WRITEY

= NHACL

l yOBINED, REE(NES)
IF{LANS. 23,00 G0 T4 14z
PRINT Q2,MEQ,RRENEDD

~
L R I N T T R T I I O R R I T R T T R R S S S R R R T SR S T R TP S SR

142 CONT IMUE

+%  5CT UP EQUARTICME FOR THE aARMY UNITE  #xxs

PRINT #, —=--mmmmmm o mm e ‘
WRITEN IS, #)  mmmmm e e !
WEITELZ, DERPLOYE UNITS”

WRITE(13, %) mmmm i mmmm e

AL T I I I I I L R I R I I I I I R N R R R O R B R T B T S R SR SR B SR SIS

Cee FIR EnRCH MODE

B0 1S4 M=1,3
IENISTL IV D D LEVMLNITE L AMD O MUNE L2 GO TD 156
IFCLMT 0, LT, 18Nl IeBA T L EQL 0. aND W MLEGL 1Y GO T 15s
IF(LMTOZ2: E2,0.8ND.M.EG. L) GO TO 15¢
IF0LMT(3:,EGQ,0.aND.MLEG. Ly GO TO 156
I80IRBCT s EQL L ANDWMUNE L GO T2 156
Ce+« FIF EwCH PERIOD
OO 1S58 L=t NP
AIJ-NEQ LHU'A,M Lri=1.0
WRITECLIZ, rNEu 'DLkI MLy Al mES, LPUIT ML,

=

I
mrnnu-

<,

S

ol

'
. Je

e
ORI,
KNI, J

o

TR

A

J'.;
b

NSRRI,
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Ce+ FOR zaCh MISZION TO ThE FRONTY, DIRECT «J=l: AMD INTR& 4J

g C++ CHECK TO SEX IF BEVOND THE LIMITS CF [
Ca+ THE TYPE OF MISSION L{I,1) /
C '

IFCJLLT.LLCT, )
DU 148 K=LL¢1,29,LUCT,2)
COEF=EAS(I,KI*MHE( D)
A1JINEQ,LPX(1,d,K,L))= COEF
HR'“E'13,3».NEQ,L°.k;,J K, Lo, ATJINET, LPHOT,J,K,L0 0,
1 NAME (T3 MSLd)  KBIKD L
IF (LANS.ER.0) GO TO 149
PRINT 04 ,NEQ,LPX:I,J,K,L) , ATJNES,LFIT,d,K, L1,
! MRME ST, MSJ KBKY L

£y JOR. J.OGT.LUCI 12 GO TO 148

-

Css CONSIDER SUPPLY CARGO IF BULK CARGO 1S COMSIDERED
C o
147 1F{K.EG.37 THEN ]
ATJINER,LPX¢1,J,5,L) )=C0EF
WRITE(13,04INET, LEX (1,J,5,L) ,ATJINER,LEXCI,J,5,000,
N 1 MEMECT T MELd ) KG(S) L |
’ IF s LanMs, Cu.D) GO TG 148 ’
LSE ;
GO TO 146 }
END IF ]
PRINT 04, EG.LP\ 1,J,5,L) ,ATJ(NER,LFX{T,J,5,L0, ]
H i MAMECT) MELd) KBLS L ]
145 CONT IMUE j
144 CONT INUE 1
144 COMT INLE
c
Ces FOR THRE ALCE UNIT AT THE F20NT
) c i'
) TR UNMITE4E
c 4
Ce+ FOR ESCH MESMS OF GETTIMG TO THE FROMT: - DIRECT 1
Ces £MD 3- APOD & FLY TG THE FRONT ]
‘ ]
) 00 150 M=1,3,2
IF{LMT(L).LT.1.AND.M.EQ.1) GO TO 150
0O 152 Ii=:,L
IF0IL.EG.L) THE
COEF=NPAL#LP0.5
E_SE
] COEF=riPal <L
EMD IF
ATJINED, LPL(},M,IL))= -COEF
WRITE{13,025NET,LPUCT M, IL) a1 JINEG,LPUCT M, 1LY,
{ LUMAME ¢ 10 MDCMY , TL
IF (LANS.EQ.07 GO TC 152
) FRINT 03,NEG,LPUCT,M,IL) ,ATJ(NEQ,LPUCT M, ILY),
1 UMAME (1) ,MDEMY |, TL
132 CIMTINLE
D-49
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g

r K
v ELSE ]
g G0 7O 138 :
, EnD IF "
; FRINT 04, ,MNEGQ, LF'"' LPKOT T S0 ]
" i NaMECT 3 ,MECd, |
A R

3 COMTINUE
] SNT IMUE
4 COMNTINUE

[F]] (:.;l [¢%)

(]
KK 3 W

»
ii Ce# FOR THE ALCE UNITI{LAST TERM IN THE FILEI=MNUMITZ

L I=NUNITS

[ )

++« FOR THE AFGD MODE=2
C¢¢ FOR ALL PREVICUS AND NEWLY DERPLOYED ALCE UNITS
c

’1 DO 140 IL=1,L

] IFCILLEQ.L) THEN
COEF=NFAL*LP 0.5

ELSE

Y
-
'I
L.
Fn
-
R\ . J

—
c
.Z
I
=
m ¢

bt

] 147 oM ’.’"JL‘E

AP

C
» Ce¢  IMPUT THE RIGHT HaMD SIDE OF THE EQUATION ~
]
b C o
b . Ly e AL &
. RHS(MERI= NHAC2) ]
» WRITEY 13,08 MHES,RHE(NE: 3
(] 1F{LAMS.EQ.0F GO TO 132 '{

FRINT 08,MEQ,RHS{MNES

- 4
L R R N I A e e R R R R A A R S AR A R PR y

C
Css EQUATIONE FOR THE MHE LIMITATION AT FRONT R
C- 4|
N >
PRINT #, =--=m-momomwommmmmmmmeem oo ]
PRINT #,° MHE  LIMITATION-FRONT g
PRIMT #, ——===--—memmmm—mmmmmmomomemooomm oo B
WRITE 13,4} ====-==-m-m—o—omm oo —mmmem oo >
WRITEC 13, MHE LIMITATION=FRCNTS R
WRITE(13,#) —==—mommmmmmm oo mmm oo q
Ce+ F3Rk EACH PERILD _

Ces FOR EACH TYPE OF AIRCRAFT AVAILABLE
DO 144 I=1,MMAC
IF(L.LT.NFPIIY) GO TS 124

. T

D-43

L oo C e . .
N NP NP AV S 8 SUCTRENRIY S Wy S W TR STV N




COE==REAL .3000
AIIONES, LPUCT,2

RITES ;_,’J-‘-'NEJ

i AMECT Y MDY

TUAMSL.ER.CY G

PRINT 03,NEQ,LP!

P

128 CONT INUE
RES(MEQI=10000

WRITEC13,08)NES,RHE

IF (LAME.EG.0: GO
FRINT 0%,NEZ,RHZ(N
Lt et e e

Z2 COMTINUE

PRINT %, ———mmm—mmmem
PRINT #,- MHE
PRINT #,  ======—mwmm-
WRITE(13 %) ——mmmmm o
WRITE( 12, %3 MHE
WRITE: 13,4} ==mmmmmmm

C¢% FOR ESCH PERIGD
DC 132 L=1,NP
MEC=NEDH L

#+ FIF EslH TYPE OF AIRCR
DO 134 I=t ,MMAC
FiLLLT.NFP(I3)

#¢  FOR EACH MISZIOM INTO

C
C+ CHEIX TO

IF 0 LT UL
0O 138 K=LLY
‘ COEF=EAS!
- ATJINER, L
y WRITE( 13,
1 NAHE ¢
17 (Lans,
FRINT 04,
‘ ! MAME ¢ ]
3 i
¢ lee CONSIDER SURFLY CARGO
. :
¢ 137 IFiK.EQ.3

A1JIHED
P WRITEC!

L 1 MNAME |
- IR LARNS
.

X

UhMEC TS MDY 2

SNTAC T2 /RESLILPHNPK 10
JLi=COE=-
_DU".-,Lf,QIJ(NEQ,LPU(I,E,LAJ,

2y,

] TG 1

"4'.)

(NEGD

_IO 122

SFT AYRTLABLE
GO TO 134

THE APOD(J=2,2)

SEZ IF BEYOMD THE LIMITS OF
++  THE TYPE OF MISSICH L{I,17

17 LOR. J.GT.LUCI, 100 GO TO 12¢
1,2),LU01,2]

1K) SMHEC D)

PX(1,J,K,L)1= COEF

Q4INEQLPRLT, K, L0 ATJ(NED, LEKS 1 BIERE
) M30JY, KG.K;,L

EG.0Y GO TC 139

NEQLPKCT,J,K, Lo STJONEQ, LR T, K, L)y,

P MY KGR L

IF BULK CaRGC IS COMSIDERED

) THEN

yLPEX(D,7,5,L)r=COEF

3,040MNERLLPRT,J,S,L AT COMER,LPXI T ,J,5,0L,
(O] MS&J* KG: 5!,

.EQ.U} Ga 7O 128

D-47

.'.4 ﬂ P

PR RIDND)

B PPN S
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B Y W

o RHSCNECJ=LLJJ°*FHﬁxI'+P”é1;l:3foSiI}fL?)/REAL'ZfCIE‘
I SIMER,RHEINEGD
’.O} oD TD 112

.
-

‘ Lttt vt Cheeaeas e ‘e i e eraa e
.

3 112 CG NTINUE

110 COMTINUE
2

C#+ SET UP EQUATIOMS FUR THE AIRPCRT LIMITATICNS

P,

WRITEC{3,%)" AIRPORT  LIMITATIONS

WRITE (13, %) mmmmmmmmmmmm oo ’
C++ FOR EACH PERIOD

DO 122 L=1,NP

DC 124 I=1,NHMAC
TIE v L LT NMFEFFCIDDY GO TO 124

w. T

- C#+ FIR EACH MISSION TRAMEITIMG THE ArFCD (J=2,3)

00 12&6 J=Z2,3
IFCJLTLLOD 12 0RVJLGTLUKT 10y GO TO 124
CCEF=i00CQ=GTL I /REALINPRK{I ) #24% P
DO 128 K=LL<I,20,LUCT, 20
AIJINEQ,LPX{T,J,K,L)=C0EF
WRITEC1Z2,043NEQ LPX(T I, K, LY JATJINEG, LRI T T K, L0,
NAMEC TS MSCJs KGIKY L
IF (LAMS,.EQ.0) GO TO 129
PRINT Od,MNEQ,LPKIT, J,K,LY ,ATJINEG LPX{T,J,K,L07,
: MAMECT ) ,MSOJ) JKGUKS L
i2° IS KLEG, 3y THEN
DIHETLEMOID T, S, Ly i=C0EF
WRITZULS JJ'W:J.LPX(I,J,S
i MeMEL T MEd T KGOS, L
IFILANS, E] 0‘ GO 70 123

e

S,L7 ATJINER,LPXCT,J,5,L0),

[y

JIN
R VY
L
s

-z
s+ F T

Cy M

L)
[y
o
v
|
:
[N

] o P R o a a g e ” S ha ol - A - s & 3 PN P WP ¥ e -ty
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¥ 1
: COES=1300 0TI, du i
. DO 116 K=LLiD,Z3,LUi,2: g
. ﬁlJ(NEQ,LF\ 1,J.K,Li=COEF }
g WRITEC13,043NEQ,LFa ], J,%,L7 ATJINES,LEKT, KL, 1
1 NEMEC T ,MSCJ) KGR L 2
IF {L&NS.EQ.0) GO TO 147
PRINT 04,NEQ,LPX0I,J,K, L3 AIJCNER,LPXIT,J,K,L00,
! NAME 10 ,MSi 3 KGiKD, L :
C ;
C#* CONSICER SUFPLY CARGT IF BULY CARGD 15 CONSIDERED j
c »
117 IFUK.EQ. 2 THEM
AIJWNEQ,LBX(I,J,5,L0 =008 .
WRITE(12,043MEQ,LPK0T,d,5,L) ,ATJ(NER,LPXIT,d,5,L)0 -]
H N&ME (T MS(Js ,KGESy,L 1
IF{LANE.EQ.0) GO TO 114
EL3E y
60 TO 114
ENC IF -
PRINT 04,MEQ,LPX(I,J,5,L),A1J¢NEQ,LPX{T,J,5,L0), |
1 NSMEC 1) ,MSCJ3 ,KGLS),L »
116 CONG IMUE
114 CONT ImLE
c
C#* FOR THE INTRATHEATER MISSICNS 7
C+#  CHECK FOR MS OUT OF LIMITS AND AC THAT SPECIALIZIE IN INTRACLL=3D %
[
IFCLLCI,10.67.3 LOR.LUCT,10.LT.3) GO TO 118 }
IFCLLCI,10.NE. 3D COEF=11000+D1 ST(2))/(DISTL1I%UTE(T, 30 ®
IFCLLCI,1) .EG.3) COEF={1000/UTE(I,31) ;
DO 120 K=LL{I,2),LU(I,2) |
ATJNEQ,LFX(1,3,K,L))=C0EF !
WRITE:12,043NEQ,LPKCT,3,K,L) &1 J(NER,LPKIL,3,K, 00, 1
1 NAME 1) ,ME03) Vb-x; L K
IF (LANS.EB.0) GO TO 121 v
PRINT 04,NEG,LPX{1,3,K,L) ,ATJIMER,LPH(T,3,K,L), ﬁ
t NEMEL T | Mh,o, JKBOKD L !
£ i
D4+ COHSIDER SUPPLY CARGD IT BULK CARGO 1S COMSIDERED
& 123 IF(K.EQ.3) THEN

s AIJCNER, LT ,3,5,L))=C0EF
| WRITEC12,040NET,LPNT,5,8,00 ,ATJONER, LPX(1,23,5,L0),

e ..

. 1 NAME{ I3 ,MS:31,KG(57,L .
' IF(LAMS.EQ.0Y 60 TG 129 :

; ELSE :
p GO TO 129 )

b EMD IF B

N PRIMT 04,NEQ,LPX{1,2,5,L7,A1J(NEQ,LEX],2,5,L1),

5 1 N&MES T ) ,M803) ,KGiS) L ,

b 129 COMT IMUE g

i 113 CONT INUE ;
0 . ®

C++ INSERT THE RH5 OF THE CONSTRAINT
| D45

-
it

S
: I
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4
H - )
: z ) o ) 3
SUBRCUTINE CINETRL~TTR ]
c 1
e 3
f Cs+ THIS BUILDS THE FOLLCWING IMEZUALITY CONSTRAINTZ INTO THE Alc MATR 2
i Cxs 2. AIRCR&FT UTE RAaTE 3
Cos 2. AIRPORT LINT*”TYDNS ]
- Ces 4. MHE LIMITATIONS &T THE APOD
g T+ S. MHE LIMITATICNS AT THE FRONT
f Ces &. POSSIBLE NUMBER OF DERLOYED “N'Tb J
Cos 7. INTRATHEATER SHIPMENT OF UMITS FRO THE AFOD TO THE FRONT »
Fi Ces 8. IMTRATHERTER SHIPMEMT OF SUFPLI ES ROM THE APOD TO THE FRONT ]
- Cex $.  UMIT LINKAGE CEILING
3 Csx 10. UNIT LINKAGE FLOGR
- Cxx
{ c
’! ROMAMES 109 %4  UNAME(119%14, GHAME (35 %14
. R OM5(42%5,KG(5)#4,MDI 3145
CE/MNMAC ,NACC 160, AVRTILI0) ,UTEC 10,40 KARG(10,5,20 ,KTS(10),
3 MHE16) ,NFP¢102 ,NPRK {107
/APD/DIST(2) , TINTER {109 L, TINTR&(100 ,E4S010,4),CP14s,
c NrH :‘,NPHL.Pu,GLS , 30
. CLMMON. i U,Nuw-»io- NTONC11,S0 NFRP{1G) NATC105,NFT(103,
d L NTACT C103,NTPEIL ,NTU (L), IAB1 1 10) NCI{10), 1P, NKQi2)
» COMMOM e, 1P ,NCR ,MNET, er;.,;_t‘ﬂ 29,LU010,23,L8K{10,4,5,4),
1 C LPY' 41J0150,300%, HCuISD), 5:3,5,47, LRSL(4) JLPR(107,
' £ NTS 1Nc,u»Pmc~ 150 NU“&EU)ﬁHu
CoMMaN , UNEME GNHME,N:,KL MD
.
:‘ Ce¢+ CHECK TO SEE IF ECHQ DESIRED
c
8 * ECHO GM THE #! PRIQRITY CONSTRAINTET(I=v/0=Ni,
. z
Fi INEGUALITY CONSTR&INTS [ <= 1
c-2
[ Ces  SZ7 UP EQLATIOMS FIR THE AIRCRAFT UTE RATE  ##
}. PRINT % mmmm s m s e ! q
= PRIMT 7 AIRCRAFT  UTE  RaTES R
[ PRIMT 4, mmmmmmm o m o m o e )
g WRITE 12,8 mmm e oo e e i
[ WRITEC1G, . SIRCEAFT  UTE ReTE g
R I TE 12, 8 o m e i
e Ces FIR EAlH T/PE OF AIRCRAAFT )
£ 00 1171 I—I NMALC '1
i Cse FIF Eal~ PERIGE g
DO 112 L=nFR i 2iF 3
, MEG=HE I+ N
1 C R
P I R R N B R R T T I T S T I T B SR SR S IR IR BT R | R I T R R T T S T T B Y B I 1 ‘1
. Cs« FIF THE INTERTHESTER MIZSIONS }
DO 114 J=Lodl,f,LUel, 1 :
IF OCJLET.3: GO TG 1:d .
0-2d y
e :
. 1




g

&8s
)
~m
c3

e

&z

CI i

)
e

S = mm e mga e = o= -
COMSIDER ZUPSLT CArGo IF cULK CARE0 I3

IF(X.EQ.3: THEM
ATJINEQ,LPHCT \J,5,L0 )=KaRG! ]
wRITEx13,04JNEQ.LPK{I,J,S,L'

1 NAMEC T3 MSod  KGEST L

IF\LANa.Ea.GJ GO TG €5
ELSE
G TOQ &3

EnD IF

CONT INUE
Co NTJth

THE EXCESS

AIJINEQ,LPRILY = ~1,

FOR THIS PERIOD

o

WRITE{13,02INEQ,LPRILY &
£3.01 UU TO &4

C
CrhT A ime DD
Pm.u: 02 ,NES,LPRIL

[I

THE

IFLLWNE. 1 AIJINEG,LFRIL-110=
IF{L.EQ.1) GD TGO 86
WRITE(13,02INEG,LPRIL-1) ,ATJ(NEG,L
IF (LANS.EQ.0) GO TO 58 '
PRINT 02,MEG,LFR(L~1),AIJ(NEG,LPRS
THE RIZHT Ha&ND SIDE

OF THE EQU#

RHEONEG)= RL+LP
NTITE(iB,ObI”EJ.RHh\NEeJ
IFCLAME . EQ.0 G2 TS
PRINT 08 ,NEG,RHENER:

COMT IINUE

NCR=MNER
WRITET1S,#)"HNC

FORMAT &TA

FORMAT C7ATICT Fid.32

FORMAT ("AIJ0 " F14,5,54,814,2
FORMaT H I Y -
Fur- T CTRHEC Fid.5,/, =-----

D

D52

-
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PRIL-

133

L-13

TION
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DA

aaa
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7 ONT IHUE

LPSL Lryi= —-1.0 ;
02)NEG, LPQLxL),hIJ HE G
D10 FRINT 02Z,NEQ,LFE

(o]

Y 0

AIJUNED,LP302,5,L00= -1.0 P
WRITE{13,02INET,LPS(2,5,L0 ,ATJCHED,L85i 3,5, L
IF (LANS.EG.0: GO TO 74 -
PRINT 0Z,MEQ,LP3:(3,5,L,AlJiNET,LPSCZ,5,Lo0

74 IF(L.NE. 1) AIJINEQ,LFS(3,5,L-100= 1.0
S(L.E0.17 GO TO 74
WRITZ(13,02)NEQ,LPS(2,5,L-1),A1J(NEQ,LPS(2,5,L-12)
IF (LANS.EQ.0 GO TO 76
PRINT 0Z,NEG,LF3(3,5,L-10 ,AIJINET,LPS02, S L1

IMFUT THE RIGHT mqMD SIDE OF THE EQUSTION

) 2 B
+
+.

o

RHZIMEGI= 0.0

WRITE(13,08HET,RHS(MEGD -
IF(LaNS.EQ.0) B0 TO &9 '
FRIMT 05,MEQ,RHS(HEDD P

1
i

]
]

gl
‘"
[}
T
[
i
-
I-
11
=
o
bt
4
»4
-
=
m
(X3

PRINT #,¢====m=mo——mmmmmmm————mmm oo ' P
FRINT #,° RIGGER COMESTRAINT "
R e T P ——— S -
WRITE(13 %) mmm——mmmmmmmmmm e S '
WRITE 15,43 RIGEER  COMETRAINTS -
R ITE 13 %) mmmmmmmmm m e ’ .
Cs+ FIF EACH PERICD °
0C 26 L=1,MF
MEZ=ME3+1

00 22 I=1,NMAC o
DO &2 J=LL0l,10,LU00, 1)
IF{J.NE.45 GO TD 83 .
DO 8% K=Ll711,20,LU{],2: o
IF{K.EQ.4 GO TO 85
TF{L.LT.NFF(I 0 GO TO 85
ATJINED,LPXT,J, K, L= KARGCI,K,1
WRITEC13,04NES,LEXCT,J,K, L) ,A1JINED,LPXIT,J,K, L1,
1 MEME (T ,MS(J)  KGCKD L °

K
I

IF (LANS.EQ.0) G0 TO &7
PRINT 04,MEQ,LPA(I,J,K, L) A1J0NER,LPRIT,J, K, L0, ;
3 b-52 ™
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M |
-

| g o

[l andil £V 2 0%
o

€
S I W N e I O |

Lo I v 2 ap]
ES
*

[50IaB T BT, L AND LNE T
FiR AL_ THE EZ21003
DL203 L=LLF
IFI1.EZ..0 COES=!
171,583,230 0EF=-G
AIJINEY,LPUCT,M,L) )= COEF
WRITE(12 ov»NEQ LPUCT M, Lo  ATJONER,LPLCT M, LY s,

i_m

l‘,l"D "‘ L

-
[
F
I -
=
<
rﬂ m ru -

IF (LAMS.EQ.0% GO TO 202
PRINT Ug,dEu,LrU(I,M,L),HIJﬁNEQ,LPUiI,M,LJ),

1 UNaMEC T 3 (MO, L
CiotT IMUE
CONT IMUE
CSN. .H"l\_‘E

CONTINUE
INFUT THE RIGRT HaND SIOE OF THE EQUATICN

RHSANEQS= 2.0
WRITE(13,080NEG,RHRSINEG
IF(LANSEQ,Q) GO TO 204
PRIMNT 05,MES,RHSINEQY

L I I T I I I R I I T R R I N O B R R I I I R I S B I R R S R I I I B I B

COnT INUE

FORMAT(AIJ0,214, JF14,50
ORNH.&‘HIJ' (214, i=0 F14.5,54,a14,2%,45,13)
FORMAT (“AIJ0" 214,712 ,F14.5,5K,86, 2,45, 2% ,Ad,13)
FORMAT (R4S, 14,7027 Fid,5,.7,  mmmmm e e e e "y

E CONSTRAIMTS FOR THE NUMEBER OF POSSIBLE AIRCRAFT

CHARAOTES MsMEC1O:#4  UNAMES 414 GHAMEC2) %14 FiiriME+s

CHERATTER P" X ( ’

C-”MCM =1
C |10, MHE'xo),Nr

Iy L UTEC10,4)  KARG(10,5,21 ,KTS(10)
10 *
Dlifi_',TIHTEQ 14 TxﬂyFA‘xO',E~ﬂ'13 43,CR104),
O Ty
«-l

C

|CMN“I'.HE MNF L RyMEQ NPRIT,LLO10,20,LUN10,28 ,LPXC10,4,5,40,
C o LPUC 13,q,4‘,AIJ 150 ,BODJ,RHS\lgUJ,LFS=3,4,4),LPSLR4J,LPPLIOJ,
C MTOISO Y LMTO3) NCOI0Y (NWGTCLS0) NOVOLEA) (NID

COMMOM. CHRANAME , UNHME G IAME 18 KG M

Leaiz=4

D-7=

g

N0

« o
e e a

1.
L

o .._'.A'_ z._ a‘.’ Lek I-;‘;L‘A- . ._.1.

i
.

L"‘

L2

B

‘ _. . , ; , ‘,
O LR e

o L. lel

!
R




.

Cex

-

Covr

(

[qu g

Cxs

-

105
154
C++

- B Bl . e S ek T )

NE(2

R TT
RIS

AIRCRAFT

NCIZI=NCH 20+

I I I T O I T I T I R I I O T I O I O I O I R I R R A R A R R A A N RN

00 109 J=LL{I,15,LU¢T, 1)

Coo mLE vimomeLmaemrm oo A
For THZ INTzZSTHESTER MISZIONG

RINT 04,NEQ,LPNT,J,K,L) Al
1 NAMEL T MELT) KGUKD

UF=LlY CARGS IF

Lo}
[

IF{K.EQ.3) THEM
AIJOMED,LPXCD,J,S,L)1=C0EF

WRITEC13,04)NEG,LPX(T,J,5,L) ,AIJ(NET,LPX T ,J,S,

NEMEL T MEC ) KGES) L

FoLaMS EGL0) GO TGO

-

104

-
-
(=S

m

-

3 1068

Gy

D
ND 1
PRINT 04 ,NEQ,LEXS
1 MAME (1) MS¢ I3 KGES) ,L
COMT INUE
CONT IMUE
INPUT THE RHSZ

-
T
b
-
F

m

0-77
B

5,00 ATSNER, LPXOT,J,5,L00,

Lik,

Y

a

- T
.- .

.t N
PR ST W W U I

L

.
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RHS(NEQI=pMaC! T r#al)allil L2
WRITECI2,15MEQ,RHEINED

- IF ¢LAMS.EZ.0: GO TO 102
. PRIMT 08 ,MEZ,RHS(NEQ)

¢~ ettt e et e et e et
Anlt 10= CONT INUE
130 CONTINUE

Fii 04 FORMATC'AIJC7,214,70=7 F14.5,3%,46,2¢, A5, 2X,4d,12)
02 FORMAT ¢ RH5¢ ,14,7)=" Fid.5 7

) s =9

5 B

{ C

% RETURM

P END

g I R R R Y I L e LTI
Cse 2

SUBROUTIME MGOAL

o

C#s MAKES THE GOALS DESIRED EY THE UZER
z
L NEMES 100 %8, LMNAME T 110 %14 BHUAMEC 2081 5, FNAME 4
;e 4345 K314 MDI T 4S
C NACID ,HVHL’RlEJ,UTE(lU,QJ KARGC10,5,29 ,KTE0 100,
; JNFPC10: ,NPRK(10)
*fP*f _;;.; TINTERY 109 JTINTRAC10Y,EASEL0,4) CPI4),
BRM, GJNFRCI0D NATC100 NFTC10),
C N'H"iﬂ NPK 10) NTP 111 NTE L) IH:- 03,NCzu10),A(?,NHB(2)
COMMON/TABANP ,LP, 1P, NCR,NEG NFRIT,LL 10,20 ,LUC10,23 ,LPX{10,4,5,45,
C LPUY 10.u. ,,p::uisu,aoon PHS: 1503 ,LPS¢3,5,4) ,LPSL(d) ,LPRC10Y,
CooONTOITE 1*ra4,NL<:oﬁ MWGT (1303 NDUC 1500 ,NID
e UMAME , GHAME M3, KR MO

Ces PRINT COUT THE IMFORMATION NEEDED FOR THIS FILE

FRINT 5
PRIMT #,7 THE FOLLIWIMG DaTea 1S MEEDED 7O ESTAELISH THE GOALS
PRIMT # ¢ == o e o o e e e e e e
FRINT =+
FRINT #,71, FPRICRITY NUMEER <2 THROUGH ¥, INTEGER:-
FRINT *
PRINT #,72Z, TwFE QOF (GCab, FROM OME OF THE FOLLCWING:
FRIMT =, #,  FRCMT LIME TRACE DISTAMCE
PRINT #,° B, AMTI-TaMNK STREMGTHS
@ PRIMT #,° C. FIREPOWER’
' PRINT =, D. DEPLOYMENT GF AM ARMY UNIT

*
PRIMT =« . SPECIFIED ~MOUMT OF THE TYRE GOAL (REAL)
PRIMT =
PRIMT #,74. PERICD COUIPLETION DEZIRED (INTEGER:”
® PRINT =

PRIMT «,71F YOU DO NOT HAVE ALL THE ABCUE DATA, YOU MaY TERMIMATE
COR COMTIMUE.-

- T T YT

Cha i
P

0-72
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SRINT #,°00 YOU WaMT T3 CONTINMUE? ¢i=v,2 ]
{3 REMD #,NRE: ' 5
IF:MREZ.GT.:.OR.NRES.LLT.OY THEM ]
PRINT #,"NOT A YaLID REPLY, PLEASE ENTER {(i=v./0=nD.
GO TO 10

AW L

IF(NRE3.EQ.0 STOF
C#+ INPUT THE GCAL NAMES
GNAMEC1 d="FROMNT LIME TRrCE’
GMAME(23="ANTI-TANK POWER~

GRAMEL 3)=7FIREPONER"

o, J -

C#+ START THE INFUT PROCESS ]
C

(%))
ol A

I=1
12 PRINT
I=1+1 9
PRINT #,7SELECT THE GCAL TYPE FOR PRIORITY 7,1
K=178+3
DG ta J=1,¥ J
IF0J.LE.3) PRINT %,J,6MaME: g
IFCJ.GT 20 PRINT 9,0, LNEMECI-3) ;
13 COMTINUE -
PRINT #, +# IF FINISHED TYPE 07 ]
17 RE=D #,56LS0I,10 ]
IFIBLEII, 1 LETL0) 6O TO 20 B
IF(GLSKI,RJ.GT.M BR.GLSCI,1).LT. 10 THEY g
PRINT #,'NOT JALID REPLY, PLEASE RE-ENTER.’
50 TO 17
.1 B
i Kk
T g
,"ENTER THE DE3IRED OBJECTIVE OF THE PRICRITY.’ q
GLEZI,27 -
PRINT #,7ENTEZR THE FERIOD COMPLETION DEZIRED. 1
RESD *,GL5¢1,3: g
C R
C¢+ CHECX TO SE2 IF THERE 15 MEMORY FOR MORE GOsLS N
; -
‘ c Y

3.8 PRINT #, =%« 0OU HAWE MEMORY FOR ONLY ONE MORE GOAL.

s

“fIU =RE OUT OF MEMORY FOR GOALS.

e
a .
(73]

i
—

1]

—

"~y
| L,

e

L*+ QASK IF THE FILE 15 70 BE VIEWED
3 C
{ 3 PREIMNT #,700 YOU WAMT 7O SEE THE LIST OF GO&LS? (i=v. 0=Ni-
' z21 READ *, 1%L
3

) IFLIVULGT . LLORVIVULLT .0 THEN
PRINT #,'NOT A YALID REPLY, PLESSE ENTER (i=v./0=N>
G T4 21

.

P
.
.

.

.

,

.

:

.
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]
' SapoIf f?
h.. l! “‘
: Ce+ PRINT OUT THE FILE IF IVU = 1 .
c =
*‘ IFCIUL.ED. 1) THEN ‘.J
¢ DO 24 J=2,NPRIT )
IF(GLSI,17.6T.3) THEN -]
K=INTZGLS(J,10-3) :
L=INT(GLSCJ, 307
PRINT 25,J,6L5(J,22,UNAMECKD ,L _
p Go TO 24 o
: ELSE ]
s K=INTIBLS LT, 10 j
: L=INT{GLS{J, 337 1
E PRINT 25,J GLQ'J,hJ,GNQME{K),L ‘
END IF 4
3 24 CONTIMUE jq
- END IF 3
C
4 Css SET UP THE NUMBER OF CONSTRAINTS FOR EACH GOAL AND THE NUMBER
C¢s OF GOALS
C -4
- DO 40 I=1,NG
3 NC{Is=1 T
40 CONTINUE -
a C 9
t Ces  FORMAT STATEMENTS )
£
:‘ g A s -1
[ 9 FORMATY " 8
{ 25 FORMAT: GOAL #°,12 s ,FS.1,’ OF *,Alé,” BY PERIOQD,I1Z)
b C
- RETURN .A
R R e N R P P T P P PR PP P P L P P P LS PR R LT RS T ) R
[ > 5T ]
{ SUERCUTINE GOALSYIDF,0BJ,ITVPE,LANG: "
Ce+ THIZ SETS UP THE GOALS -]
¢ c |
- RE&L OB i
CHARACTER NAME( {0 %5, UNAME 117 %143, GMAME( 3714 e
CHARACTER MS{di%5 KGiSi#d ,MDUZ:+S 3
i COMMOM SO NMAC  NSC S 100 AVATL G, UTS0 10,30 ARG 10,5,2) KTS( 10, .
{ C  GT(10),MHE{10) NFP{10) ,MPRK{10) "4
COMMOM &FD/DISTC2) , TINTERC10, , TINTRAC 10T ,EAS¢10,4,CF1(4), ®
L NH&.2) ,NPaL,RC,GL5(9,2) B
s COMMOM/&RM/NUNITS, NUNT (10 GJNTONC LT, 50, MFFCI00 NATC100 NFTC 100, R
< c NTAC(iOE,NPK{IU),NTP-"J NTLC110, 1480100 ,NCI(10Y, I'VP NHQL2? )
; COMMON/TAB/NF,LP, 1P ,NCR ,NEQ,NPRIT ,Lg(iD,Z),LU(lO,Z),LPX(10,4,5,4), )
: C LPU(10,3,4J,AIJ(lSO,BOD),RHS(ISU),LPS(3,5,4),LPSL(4),LPR(IO), )
O NTCi507 ,LMT{3),NCC 100 NWGT¢150 ,NDM{ 1500 ,NID o
{ COMMOM, CHR /NAME , UNAME , GMAME ,M5 , KG ,MD _
L: C E
: ]
& 1
| D-20 ]
b
:-'-.4‘\_‘ RN gt TN RN RETY . o PR




e

TN

ot

Ty r .y
T

i

h

-Hv AOUE /0 B S

Cx=
C

C*s
Ces+

0?

C.o.

—
wl

._.H
f=

-

Cs#
Ce=

IFCIGR.LGT MR IDP=NP
1F{ IT(HE.ﬂT 33 THEN
IUT=17TYPE-Z

TYPE |
SET UP EQUATIONS FOR FRONT LINE TRACE
PRINT #,=====—=mmmmmmmoommmeooe :
PRINT #,”  FROWT LINE TRACE’
PRINT #,/===-mmmmmmemmmmmmmaoooe ‘
WRITE{13,%)/ ~=mmmmmmmmmmmmmmmmmmm oo '
WRITE{13,#>°  FRONT LINE TRACE
WRITE{13,%)  ==mmmmmmmmmmmmmmmmmm oo '

INCREMENT THE ROW EBY 1

MNEQ=NEQ+!

rDOM THE UNITS Eh7,ERED TD THE FRONT {M=13 AMD THOSE
UNITS DELIVERED BY IMTRATHEATER AC (M=3

FOR EACH PERIGD UF TO THE DESIZED TIME
00 10 L=1,1DP
FOR EACH UNIT WITH NFTC(I).NE.O

DG 11 I=1,NUNITS+!
IF (MFT(IJ.E@.00 G0 TO 1!
DO 15 M=i,3
IE¢I.GT.IYP.AND. T LE.NUHITS.AND . M.NEL2) GO TO 1S
IF{I1.LE.IYP.5ND.M.EQ.2) GO TQ 1S
IF{LMT{1).LT.1.AND.IABCI) .EQ.0.AND.M.EG. 1) GO TO i
IF{LMT(25 . E3.0.4ND.M.E0.1) 60 TO 15
IF(LMT:35 .EQ.0.4ND.M.EG.1) GO TO IS
IFCIABCIY LEQ.1.AND.M.NE.1) GG TO 1S
ATJINES,LPULT M, Ly =NFTC 1)
WRITE(13,03)MEQ,LPU{I ,M,L),AIJ(NEQ,LPUT,M,L) T,
1 UMAME (1) ,MD (M), L
IF (LaNS.EE.0. B3 7O 15

PRIMT 03,MEQ,LPUCT M,L) ATJMEQ,LPUCT M, L),

[0
o

1 UMAME 113 ,MD{M7 L
CONTIMNUE
CONT IMUE
CONT INUE

FOR EACH UNIT GOING TO THE FRONT (1...IYP) WITHOUT
AIRLIFT (M=2)

DO =1,1F
FONFT{I7.E2.0.0R.MTV(1).EQ.0) GO TO 12

12
’
4

L-3l

. B

e e, et i
ISPV,  §W

. A

.

AL

-
Al

1

a

. S
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IFCInze iy Ea sty GO 70 12
MY=INT O DISTI20 b/ RESLANTUCI Y #LP )
IF My . GT.IDP» GO TC 12

PERISL UNTIL IDP-MY

(g BN O oo
-
+
n
4]
m
£
[
a
Il

00 13 L=1,IDP-MY .
ATJINEQ,LPUCT,2,L))=NFT LT .
WRITE:13,03)NEQ,LPUCI,2,L) ,ATJ(NED,LPULT,2,L0), -

1 NAMELT) MDE2) L ij
IF {LANS.EG.0) GO TO 13

PRINT 03,NEQ,LPUCI,2,L),A1JINEG,LPUCT,2,L00, 5
: UMAME Ty MDo20 L o
13 CONTINUE -
12 CONTINUE .
RHZ(NEQ =0B. j
WRITE(!13,03:MEQ,RHE(NED? o
IFCLANS,EZ. 1) PRINT 08,NEQ,RESINERY §

RETURM

Cee TIPE 2 ‘

Ce#s SET UF EQUATIONS FOR ANTI TANK W

c ]
19 PRINT #, =m==m=mmmmommmmmmmooooo

+

M T
e B « B o J® o BT ML}
W) We = -

[ I R e R S

-

mmm3i a5
$

i
i
|
|
|
I
]
I
1
i
|
1
|
|
|
|
]
)
]
|
|
]
i
B

WRITE(13,#3”

WRITEC13,#1 ANTI TaNK

WRITE(13,%) " =mmmmmmmm e ,
<9

C#+ INCREMEMT THE ROW BY 1
NEG=MNEQ+]

C#+ FROM THE FWUNT
C#+ FOF EsCH PERICD UP TG THE DESIRED TIME

o

:

:

:

:

:

:

:

:

:
N [ e
A PODREN

bl

b I [ A e ul
[} a'.l] L™41 ¢ s

(a9}
—

C#* FOR EACH UNMIT WITH NATLIY.NE.

. SR

DG 21 I=1,NUNITS+1
IF{N&T(1).EZ.00 GO TO 21
DG 2% M=1,3
IFCILGTLIYPLAND . T LELNUNITS.AMND.MUNEL2) GO TO 25
IF{I.LE.IYP.AND.M.EQ.2) GO TQ 25
TFOLMTo1) LT 1. AND.IAB(I) .EG.0.AND.M.EG. 1) GO TO 25
IF(LMT(2).EQ.0.AND.M.EQ. 1} GO TO 25
IF{LMT(3).EQ.0.AND.M.EG.1) GO TO 25
IF{IAB(1) . EQ.1.AND.M.NE.1) GO TQ 25
ATIINER,LPULT M, L)=NAT 1)
WRITE(13,03)NED,LPULT M, L), ATI(NEG,LPUCT M, L)),
1 UNEME L T ,MD M), L
IF (LANS.EG.0) GO TO 25

. DAy

g

. JUY

p-32
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Cex
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72
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PR RN PO

S, W e T W L e s PP i N R it Aaci i Ao tu T S S M 0 SRR S e o R Ml lhatd

SEITRT O RS | DT R e TR T IV SV R
FRIMNT Uu‘HCJ,_fJRA,«,h..A.kah!,ng\;,u,_.!.
}

i UNRME (T2 MDOM2 L
CONTINUE
CONTINUE
CONTINUE

FROM THE APGD FOR EnCH UNIT WALKING TO THE
FRONT oJ=1...IYP,M=2)

DO 22 I=i,IYP
IC PA»II) EQ.0,OR.NTW(IY.EQ.0Y GG 7O 22
My=IMTCLDIST (22 REALINTUC I <LP )
IF (MY GT7.I0PY GO TCQ 22

FOR EACH PERICD UNTIL IDP-MY

DO 23 L=i,I10P-MY
ATJINER,LPUCT, 2, i=NAT (1)
WRITEC13,03INEDQ,LPUCT,2,L) ,AIJENER,LPUCT,2,L) ),
1 UNAME (1) ,MD{2),L
IF (LANS.EQ.0) GO TO 23
PRINT 03,NE@,LPUCI,2,L),A1J(NEQ,LPUCT,2,L)),
1 UMAME 1) MDC2) L
CONT INUE
CONT INUE
RES(MEQI=0BJ
WRITEC:2,03INEQ, RES(NED
IF{LANS.E@.1) PRINT 08,NEG,RHS{NEQ:

L A A A I R A R A A A A A A A A . L A N BN R R LI R R B Y B B B A}

FTTURN

UP EGUATIONS FOR COMEAT POWER

WRITE(12, %) mm=mmmmmmmmmmm oo ’
SRITEC13,437 FIREPOWER”
ARITE(13,#) " =mmmmmmmm oo ’

INCREMENT THE RCW BEY 1

NEG=NEQ+1

F=CM THE me
FOR EACH PERIOD UP TO THE DESIRED TIME

00 30 L=i,I10F
FOR EACH UNIT
DO 31 I=1,NUNITS+:
IFNFP{i).EQ.0.CR.CPI(LY.EQ.0) GO TO 31
DO 35 M=1,3
1F(1.GT.IYP.AND. 1. LE.NUNITS.AND.M.NE.2) GO TO 35
IF(I.LE.IYP.AND.M.EQ.2) GO TO 3%
IF{LMTC1) . LT.1.AND. 14B¢ 1) LEG.0.AND.M.EQ.1) GO TO 35
IF(LMT{2).EQ.0.AND.M.EQ.1) GO TO 35

D-23
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33
32
34

Ces
e

C!;
Cs+

P A S T S . SO T T D A R L, PP O e e W L

— s

[FLMTO3) JES. 0 Al MBS Ly B0 TO 3E
IFvirey i EG L ANDVMUNES LY GG TO 38
ATSWMNEDLPUCT ML) o=iNFPIT#CPIVLY
WRITE(IZ, 03 NEQ,LPUCT M, Ly AT NEQ, LPUIT M, L2,

1 UHr’li'E") JMOM L
1F {L&NE,EG.0) GO TO 39

PRINT 02,NEQ,LPUCT M, Ly ATJ(NER,LPUCT M, LI,

1 UNAME ¢ 1) ,MDM) L
CONTINUE
OMTINUE
CONTINUE

FROM THE AFGCD FOR EACH UNIT WALKING TO THE FRONT (I=

DO 32 I=1,IYF
IF(NFP{IY.EQ.0.0R.NTY(II.EQ.0) GO TO 32
IFCIAB(D).EQ.1} GO TO 32
f=INT{(DIST{21)/REAL{NTV( 1) #LPY)

IF M.5T.1DPY GO TO 32

FOR EACH PERIOD UNTIL IDP-MY

0T 33 L=1,1DP-MY
%IJVHEC,LPU“E,h,L77“NC=“If*CD'W
WRITE(IZ,030NEQ,LPULL (2,00 ,Al
1 UNAME (T3 ,MDC2s L
IF {LANS.ES,0 GO TO 32
PRINT 02,NEQG,LPUCT 2,00 SIJONER,LPUII, 2,000,
1 LPHME 12 ,MDC2y L
COMT INUE
CONT INUE
RHS{MEQ:=CEJ
WRITEC1Z,08NER,RHS{NET:
IFILANS.EQ.13 PRINT 08,NEQ,RHSINET:

PRINT 4," ——————————————————————— !
PRINT *,- UNIT bOHL

FRINT 4, ———————————————————————— d
WRITE 13 %) ~-——mmmmmmm e e - !
WRITE ‘.3,4.1 UNIT GOAL’

WRITE( 13, %) ~—mmmmmm e .
INCREME? aT Tr‘r. RO BY

NEG=NEQ+1

e . e L R R R R L N R O B A R R R Y B I A DR R B O R R N B B )

FRCM Th: FRONT
EOR EACH PERIOD UP TO THE DESIRED TIME

DO 40 L=1,I1DP

00 41 M=1,3,2
IF AT 1, LT .1 AND. IABCTUT) JEQ. 0. AND M

D-84

1, 1P, M=)

H t
SUNER,LPUCT, 2, L0,

e . e - o a e e Cev et
RETURM

T(PE 4

GoAL FOR & SPECIFIC UNIT (I1UT)» DEPLIYVED BY FERIOD IDP

JEGLLY GO TD 41

. 1

IS, YRIIRIII
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IF EZ.3.AMDMLESL LY GO TO 48

TR LMY ES.Q.ANDMUERLLy GO TO 44

IFCIABCIUTY JEd L aND MUNE LY 6T TO 4!
?ECJ CIUT M, Lxi=1.0

—
c -4
=

,} Land

IA
JLPY
Z,020NEQ, L UkAUT,M,L),QIJ&NEQ,LPU(IUT,M,L}),
AMELTUT) MDIM:
Ir ('"IS £d.00 GO To 41
PRINT 03,NEQ,LPUCIUT,M,L0 ,ATJINED,LPUCTUT M, L,
1 UNAMEC TUT) (MDAMY L
&l JONT INUE
4G COMT INUE
C
cx%  FROM THE AFCD FOR OIUT
c
IF (NTV(IUTY . EQ.0) GO TO 42
MY=IWNT ADISTO2Y I /REALINTWCTUT » P
IF MY.GT.10PY GO TG 42
C
C#+ FOR EACH PERIOD UMTIL IDP-MY
c
GO 43 L=1,1DFP-MY
AL NE},_PU- UT,E,L“?=1 o
WRITECIZ,U3ONES LPUCIUT, 2,0y ATJIMET, LPUCIUT, 2,00,

! Ll.ﬁz.Eub,L‘,."10'.2.-‘,L
IE (LanME,e3.0 GO T 43

PRINT 03 ,NEZ,LPUCILT,2,L),a1J(NEG,LPULILT,2,L00,

1 UNAMECTUTY ,MDO20 L

3z TINLE
az JUE
a4 22=0BJ
[13,080NET, RHS(NETD
5.EQ.1) PRINT 08,NEQ,RHS(NED:

I/lllllltll.l'lllllllllllllllllllllllllll.l!llllllll!lllll'll

RETLRM

0z FORMATOAIJ T, 214,

0g FORI9-T < 'RAS{,14,7 "
™D

C****-"*-f*-*-'--'*‘**"*-'4-*-0--**-04'44""**"""f""'ﬁ*"-('+*""'**4*'(“"‘**"*+**0*4"**4-"**
-
C++ 53

C+#+ PRINTZ OUT THE HEADPER TO THE PROGRAM AS AN INTRCDUCTION

AN
i

CHARECT LaMK

PRINT |

PRIMT #,7 WELCOME 737
PRINT +

SRIMT =

FRINT =, ooDoD EEEEE
cy 'S

PRINT €, D D E P P L 0 0
PPINT 7
C Y

m
R
o
0
0
-
0
—

0co

C]
Lend
m
e
Q
—
[am}
fon)

N ) —"

VY ey

. SRS I, |
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LY
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‘

Y
g
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PRIMT #,.7 D ] EZEZZ poppes= L 0 a
c v

PRINT #,° o o E ¥ L { a
c >

FRINT #,° M D E P L
C 'S

PRINT *,-° 0] D
C A

PRINT =+, DOLDD EEZEEE F Lenlll goe
C e
FRINT
PRIMT
PRINT
PRINT
FRINT
PRINT
PRIMT
PRINT
PRINT
PRINT
PRIMT @, INPUT &Y CHARSCTER TO COMTINUE.
RESD #, BLANK

PRINT 12

[}
-

m

e
—
e}
o

I:

GoAL PROGRAMMING MODELC

FOR THE

-
~

R&PID DEFPLOYMENT OF ARMED FORCESS

F ok K K K K K K A A

1 : F G RP’HT ,: e _,-/ .__/_,f_/-‘/ '/",/J.-" s , e _:‘/ ‘l;' . r" j‘_/ ::,
RETURN

E!\.,‘

C -6-‘1’“-0-4-0--‘-0-4"-0-0‘-‘-‘-0-4-&-0-‘-6‘-’4-&-0-04-1-0-‘-0--0-0*4--0-0-1'-‘4-0-#++++0+-&-&¢+#-#4-Q++++-‘-b++4~0--0
-
€ s:

RiIsN

Sedu il
1

m

~r e g
S PERT A i

(N
e e

C
COMMON/ TRENP,LP,
C LPU{10,3,47,A1J
NTiSd LT 2

ip JNEG,NPRIT,LL(10,2),LUC10,2),LPX(10,4,5 aa,
¢ 300 RHS:150),LPSE 3,5,4' LPQL\4'.LPQ"0

40 JHCIKI:UJ,NEU\qu (MID

MC
:
<U
T

3
1
s
MO

(o]

C#¢ SETE UF THE FILE FIR THE PAGF PROGRAM ®
C
4
I
| I 4
e v -
ez = iR lLE ) )
LLZ="TFILE 0

00O O3
min o m.o

Fil THE MUMBER QF TERMS «NT) FOR EACH ROW

[ aw B ap ]
D
Ve
-4
m
——‘ -
I
m .
—
)
[
r
m
I
o

0C 10 1=1,NEQ 4
DG 12 J=1,1P ]
IF(ATdoT,J1.E2.00 GO TC 12 °
NT:To=NT (D41 B
WRITEVIES,S01,J,A1001,J)

n

FORMAT(214,515.9)
12 CONT INUE

WRITE(15,511,0,RH5:1)

10 CONTINUE of

CLOSE(15)

(X))
13
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Rl e T AE AR Nt patt i St e e e rooRYw LR asth el i M Sl - .‘..'::?
o
h
e - 1
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LEZLCY B DLLHSET -1
ol
\ Set the
Mumber of dars
& period length E
-— — l —
e “analrsis  or ®
Continued Analysis b0 Continued ]
1
l .
. T 4
MNew ITngut the 1
Cezired Changes R
| o
Input the Aircratth, ]
“FOD and U bt Data
- , 1
ez Change any of the dabta ! 4
! ®
| 4
Mo -
| .
Build Feointer ’
Euild First zat } L
of Constraints ‘ 1
, L
Determine the
o tvpe of analwziz |
|
|
i armoe Objecthiwes Force Structure
| I
itz Sortie Comsztraint Weight the Alrcraft Yalue J
— - - i -
Terine Brms Goals ! Lefine Arm> Chiesctives
Euild Goxlsz l Euild éirmy Objsctives
Euild Sortie Goalsz
Write the Conztraint
Matrix t2 2 f£ile
E-1
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APEENDIX F

P&3P Subepcoutine and Eunction Lizting 1
~ 4

Computes the relative cost coefficients for each !A
variable in the current tablieau and the objective )
function value at the current priority. ]
(function? Places floating point values that are :
within 1.E-3 of an integer to that integer. ;
Read in anr rexl (equalityd constraints and -
performsz a simplex procedure to find an initial -
bazic feasible sclution. ]
..‘

Puts the objective function weights for the é
deviation wariables at the current pricrity in the e

a
correct position in the tablieau.

D

Preparesz and prints the sclution information.

Rexds in  the gcal censtraints  and cbijective 4
function termsz assigned to the current pricrity. -4
b

. - . «
Cetermines the next entering variable’s coclumn and )
o, N
T

E

L )

4
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Vapiakle

INDCT

JCOL(I, 1)
JCoLcI, 2y

JROWCT 1)

JROWCT ,2)

NC{ND

NCCLI
NPRIC
NFRIT

NRGWI

NVAR

TSN

TR(I)

TECL, D

TLN, )

TT (M, Jd?

&EPENLIX G

EAGE Marciable Listing
Definition

Indicator row that markz the eligibility of a
variable to enter the bacsis.

The type of variable in column I.
The csubscript of the variable in column 1.

The type of basic variable in row I, where type
is X=235 p=3; n=4,.

The subscript of the basic variable in row I.

The number of constraints aszigned to priority
N.

The number of columns in the current tableau.
The priority currentliy being optimized.
Total number of priorities in the prablem.

The number of rows in the current working
tableau.

The number of decision variables.

The total dewviation from the goalzs at pricrity
N.

The right hand side constant of the constraint
in row I.

The coefficient of the wvariable in column J of
the constraint in row I.

The weight aszigned to the basic variable in rcow
I at priority N,

The weight of the wvariable in column J at
priority N,

AN ..
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PRIORITY
k=1

f£or Ba4alBE Bllocatrico eloccitom

READ THE OEJECTIVE FUNCTICM
AND
THE CONSTRAINTS FOR PRIORITY K

K=K+1

m
L (1)

|

| 00 ALTERNATE

| CPTIM&L SCLUTIGONS
l E<IST?

- b o b

m

[({J]

SELECT THE IWNITIAL
BASIC FEASIELE SCLUTICN

— W0

T

ARE
THE®RE MORE
PRICRITIES?

|

ME

J

NE
CaLCULATE THE

~HIEVEMENTS OF
FS&INING PRIORITIER

P&RINT

1

Cw TR W T W T e

OFTIMAL
SCLUTICN

Y .
et e Al mea Se M o a L aSaaa

s a A e e a4 e s alalalalalala

FERFQORM
GF SIMFLE-
CPERATICN

z
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AFPENDTA ]

PalbP Listing

PROGRAM PAGP

C-=-=-=—- tommm e $ommmmmm o m———— pmm————— R et - +--
C- CAPT D. 0. TATE THESIS WGORK
C-====——- e it e pmmm—————a tpmmm————— = ——— o ————— + -
CHARACTER KID(188)#24
COMMCN T7¢10,402),TEB(130>,TEX130,402),TL{130,10),TAC10),INB(1307,
C T1:¢10,402),JC0L{402,2) NCOLT ,MROWI ,NPRIC,NC10) ,JROW( 130,27,
C NURAR NPRIT,IND(402) ,NTRC1305 ,NDV{130) NID ,NWGT(1302,LCTR
COMMON /PHASELS W, NRCON,NDVR
COMMON /CHNG/NCON{130,10) (NTOF< 102
COMMON/CHARAKID
INTEGER ALTST
C
C #+<¢ READ IN PROBLEM DATA
c
OPENCIQ,FILE="IFILE )
REWIND{ 137
CPEMC14,FILE="TFILE )
REWIND 145
OPENCIS,FILE="R5FILE")
REWIND(15)
C
C- INFUT THE HPRIORITIES, HVARIABLES, HREAL
C- CONSTRAINTS, @ND NEY
C
RESD( 14, «3NPRIT ,NVAR ,NRCON ,NEQ,NID
OPEM{16,FILE="1DFILE")
REWINDC 1S
DC 23 1=1,NID
READC14,80K,KIDCT)
CONT INUE

FORIT 014,300,424

w

oo

C
C- IMFUT THE MUMEER GOF CIMETRAIMTS THaT WILL
C- BE ~DDED AT EmCH PRIORITY
C
D0 22 NP=! ,NPRIT
READC 14,1 NCINF)
IFCT JNE.NPY THEN
PRINT #,°1 <{» NP~ I=",1," NF=",NP
STOP
END IF
2z CONTINUE

- RERD IM THE DEVIATION YAR WEIGHTS AMD THE NUMBER OF TERMS/EGUATION

OO

00 20 NR=1,NEQ
READ{ 14,01 ,NDU: 1 MWGT 17 NTRY
IF1.NE.NF) THEN
PRINT #, 1 <. NP- I= ,1,” NR= ,NR

1-1
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STOF
END IF
20 CONTIMUE
PRINT 13,MPRIT ,NVAR ,NRCON ,NEQ
WRITE{15,16)NPRIT,NVAR ,NRCON,NEG
1s  FORMAT{'NPRIT=",14,” NUAR=",14,” NRCON=‘,14," NEG=",14)
DO 10 NP={,NPRIT
10 CONTINUE
17 FORMAT('NC{,14,7)=",14)
1=0
C
C- INPUT THE SUBSCRIPTS GF THE CONSTRAINTS
C- TO BE ADDED AT A SPECIFIC PRIDRITY
c
DO 101 NP=1,NPRIT
IF (NC{NF).EQ.03 GO TO 101
NCTMP=NC (NF
D0 12 N=1,NCTMP
I=1+1
NCOMN{N NPI=] :
2 CONT INUE 1
101 CONTINUE :
3 FORMAT ¢ 'NCON< *,213,79=",13) ?

1
1

C
C- INPUT THE NUMBER OF TERMS IN THE O0BJECTIVE
C- FUMNCTION AT ExXCH PRIORITY

C

NTOFCTI=NCe LD
0O 14 J== NPRIT
NTOFCJa=NC{J3

. Y1

14 COMTINUE ]
19 FORMAT/NTOF: " ,13,7=",13: :
(- .
£ s«s¢ INITIALIZE SUBPROBLEM DIMEMSIGNE AMD COLUMN INDICATORS. 4
c v
LCTR=0
NCOLI=J )
NEGWI=] 4
NPRIC=) :
DO 104 NCF=1,402 :
INDYNCR3=1 a
Lo 102 MR=1,130 4

10z TEWNR ,NCR=0,

0G 102 NP=1,5 1
TivMP,NCRI=0, )

193 TTWMPNCRo=3, 4
104 CONTINUE "
DO 10S MR=1,130 5

INE MR =] B

00 105 MP=1,10
105 TL¢MR NPI=0.

L 4
L s<+¢# CHECK FOR RE~L CONSTRAINTZ. *
C .

FO(MNRCOMN.EG.O» GO TO 10e K
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CALL PHSE!
IF (NDYR.LE.O: GO 7O
IF {.GT.0.» GO TO 117

—

14

##4% THE PARTITIONING ALGORITHM BEGINS.

108 NPRIC=NPRIC+1
1F {NPRIC.E@.1.AND.NRCON.EQ.0y GO 7O 107
GO TO 108

107 PRINT #,'MUST INWNCLUDE SUBROUTINE READ!”
GO TO 109

108 Call READ2
NP I1V=0

109 CaLL CINDX
CALL TEST (NEVC,NCVR)

*#%sx JF NEYC IS LESS THaN ZERO, THE SUBPROBLEM 1S OPTIMIZED.

IF (NEYC.LE.QO) THENM
PRINT #, SUBPROBLEM OPTIMIZED”
WRITE<13,#)"SUBPROBLEM OPTIMIZED
GO 7O 110
END IF

*s+¢+ JF NDUVR IS LESS THAN ZERC, NG MINIMUM POSITIVE RATIO WAS FOUND.

IF (NDVR,LE.O) THEN
PRINT #, N0 MINIMUM POSITIVE RATIO FOUNDS
WRITEC13,%)'NO MINIMUM POSITIVE RATIC FOUND-
GO TO 116
END IF

CALL PERM (NEWC,NDUR:

NP IU=NP 1Y+

PRINT #, PIUOTS 7 ,NPIV,” NPRIC=",NPRIC

WRITEC1S,#3PIVOTH 7 ,NPIV,” NFRIC— JNPRIC

GJ TO 10¢

¢++¢ [F THERE ARE NC MORE PRIORITIES, TOTAL PROBLEM 1S OPTIMIZED.
¢+¢< PRINT THE OPTIMAL SCOLUTION.

110 IF (NPRICLEQ.NPRITY GO 7O 115

t+<¢+« SINCE THERE ARE MORE PRIORITIES, MCWE ON TO THE MEXT SUBPROBLEM
tess Ir THERE ARE ALTERNATE SOLUTIONS. FIRST, ELIMINATE THOSE
¢¢ee COLUMNS LHICH CAN NOT ENTER THE BASIS. IF THERE ARE NO
#eee ALTERNATE SOLUTIONS, PRINT THE UNIQUE OPTIMaL SOLUTION,
ALTET=0
02 112 NCR=1,NCOLI
IF CINC(MCRSLEQ.0Y GO TO 112
IF CTICMPRIC,MCR).GT.0.) GO TO 112
DO 111 NF=1 NEOWI
IF (JROWCNR 1) ,EG,JCOLINCR, 1 JAND . JROWCNR , 20 JEQLJCOLWNCR, 250
1 G2 TO 112
111 COMNT IMUE
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ALTET=1

1.2 CONTINUE
¢++« IF ALTST=!, THERE ARE ALTERNATE SCOLUTIGNS.

IF (ALTST.EQ.1) THEN
PRINT #, THERE ARE ALTERNATE SCLUTIONS'
WRITE<15,%)“THERE ARE ALTERNATE SOLUTIONS
GO 70 113
END IF

GG TO 115

“¢#% ELIMINATZ THOSE COLUMNS WITH A POSITIVE RELATIVE COST AT
#*%#¢ PRIORITY NPRIC.

113 DO 114 NCR=1,NCOLI
114 IF (TI<NPRIC,NCRY.GT.0.) INDINCRI=0
GO TO 106

#%%% THE OPTIMIZATION 1S OVER. PRINT COUT THE FINAL SOLUTION.

115 CALL POUT
GG TO 115
114 WRITE ¢$,122) NPRIC
GO TO 119
117 WRITE ¢5,124) W
WRITE ¢6,1250
DO 113 NR=1,MRCIS]
WRITE (&.12s: JROWINR,1?,JROWINR,2),TBINR)
118 CONTINUE
119 WRITE &, OPTIMIZATION IS FINISHED. ANSWER I35 IN FILE GPANS.”
STOP

FORMAT (315

FORMAT (10135

FORMAT (148150

FORMAT ¢/ d40H  THE PROGRAM TERMINATED ON SUEBFROBLEM ,14, 42H NO

1 MINIMUM POSITIVE RATIO COULD BE FOUND:

124 FORMAT </ 45H THE PROGRAM TERMIMATED IN PHASE 1 WITH OBJEZTIVE F
TUNMCTION MALUE,F.S.42

125 FOPMAT (/ SEH THE OPTIMAL SOLUTION TO THE PHASE 1| PROBLEM IS
1 A éH TYPE,2X, 3HIUB,8X, SHJALUED

124 FORMAT (215,F1S.40

— . e e
raro ruty
Wty s O

EriD
SUBROLTINE PHSE!L

¢++¢ SUBRCOUTIME PHSE! REACLS IN ANY REAL CONSTRAINTS AND PERFORMS A
ses+ PHOSE | SIMPLE( PROCEDURE IN ORDER TO FIND AN INITIAL BASIC
t4+¢¢ FEASIEBLE SOLUTION,

COMMON T7.10,402)>,TB{(130:,TEC130,402),TL(130,10,TAC100,INB(130),
c Ti.10,402»,JC0OL402,2) NCOLI ,NROWI ,NPRIC,NC{10>,JROW(130,27,

c NUAR NPRIT(IMDC402) (NTRC 130 (NDV(130) ,NID,NWGT(1305,LCTR
COMMON /PHASELY W,NRCON,NDUR
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DIMENSION Crd402, CRU402y, CBuI1Z20:
MPIV=1

C #+++« SET COLUMN AND ROW HERDINGS

DO 101 NU=1 ,NUAR
JCOLINV, 10=2
105 JCOLINY, 2=V
DG 102 NR=1,NRCON
JROWENR, 10=1
JROWINR, 23=NR
NaR=rLAR+NR
JCOL{NAR,1=1
102 JCOLNAR,2)=NR
C
C #<<+ READ IN COEFFICIENTS AND RHS OF REAL CONSTRAINTS
C
0O 103 NR=1,NRCON
C_
C- INPUT THE RHS OF REAL CONSTRAINT NUMEER ,NR
C- INPUT THE COEFFICIENTS OF REAL CONSTRAINT NUMBER
-
DO 30 NVY=1 NTRNR?
READC12,601,J . TECT I

3 FORMAT (" TE(T,do=",13,3%,13,34,F7.2)
IF{1.NE.NR) THEN
PRINT #,7%% 1 <> NR ## I=’,1,” NR=',NR," J=',J
STOP
END IF
30 CONT INUE
READ(13,631,J,TB(1)
é FORMAT(214,F15.9)
32 FORMAT*TB{11=",13,3K,F?.2)
103 CONTINUE

WRITE(1S5,%)"PHSE: OATS EMTERED”

««%« PUT IDENTITY MATRIX IN FOR ARTIFICIAL VARIABLES

[on TN qu N g ]

DO 104 NR=1,NRCON
M RENUAR ANR
INBINRI=NAR
104 TE(NR,NaR)=
WRITE 15,
WRITE(1S,#: THE STARTING B&4SIS.-
PEINT 4, THE STARTING BASIS.’
DO S5 I=1,MRCON
WRITELIS,561 1, INB(1:
55 PRINT 56,1,INB1)
S5 FORMAT  "INB:,13,3¢,14)
c
C #«<¢ SET C¢J:=0 FOR ALL DECISION YARIABLES AND C(J)=1 FOR ALL
C #+++ ARTIFICIAL VARIABLES

C
DO 105 MNU=1,NVAR
105 CNVI=0, ﬁ
R 4
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DO

FELan T T T e S i M S S & T B S gy T

105 NR=1{ ,NRLEN
CBIMNR)=1,

NAR=NUAR+NR

136 CiNmR:=1,

C

C##+ CALCULATE RELATIVE COST COEFFICIENTS CRC.)

C

NCOL=NVAR+NRCCN
107 DG 108 Nv=1,NCOL

DO

CRINVI=CINY
105 NR=1 ,NRCON

108 CRINVI=CRINVI-CBINRITEINR MUY

iECK FOR OPTIMALITY

YESC=0.
NE'/C=0

107
C
T 4eee
C
C
C
113
11
c
C %5+
C
C
C
C

DO

IF

109 NCO=1 ,NCOL

NU=NCO

IF (CRINVY ,GE.LO,) GO TO 109
17 (CR{NY,GE.VEWCY GO TO 10°
VEC=CRONY

NEC=ri

TIMNUE

MNEVC=0, PHASE | 135 OPTIMIZED.

(43}

CMESCLEQL0r GT TO 118

t+¢es DETERMINE DEPARTING VARIABLES ROW.

NOLED!
ULUR=10 L 0E-20

oo

cor

[F NOWR=3, MINIMUM RATIO RULE FRILED. RETURN.

IF

44+« PCSFIRPM THE PIJOT.

il NMRI= NRCON

ME="R

IE (TEMRMNEVCY ,LELO0,Y GO TO 111
V=TBINR L, TECMR (NEVC

15 SNDURLEDLOY GO TO 110

IF (=0 R o 1D trd i

LUDIRE=Y

MNOVR=NFR

{7 INUE

YHOVRLETLO 0 RETURN

FEPLACE HE=DINGS AND CO

(e
-

JROWNDUPR , 1= JCOLVME/C, ¢
JRGWINDUR , 2)=JCOLNEJC 2
L8 MOYR =L NEC )

N C=INECNDUR )

IMECHDUR  =NEC

PRINT S.NDVR,ND'C, WD/ NEJC UEC
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OO0

«SONEUR NDVE VDV R NEV/C VEC

WRITEWIS
=

S FORMATISA, NDLR= 14,3, ‘NOMC=", 14,3, YDUR=s",
A Nc'c=’,v4,dA. VEC=" F10.3"
+ts+ COMPUTE NEW TE ARRAY
P1Y=TE(NDUR ,NEYC)
P1B=TBINDVR)
DO 113 NR=1,NRCIN
IF {NR.EQ.NDVR: GO TO 113
IF (ABS{TE:NR,NEYC? .LE.0.0005) GO TG 113
PIX=TE¢NR NEYCI/PIV
TBIMNRI=FIX{TBINR) -PIX*PIR)
DO 112 NV=1,NCOL
112 TESNR,NUI=FIXCTECNR NI =TECNDYR NV #P 1K

113 CONTINUE
TEINDURI=FIACPIRPIV)
DO 114 Ny=1{ ,NCOL
114 TENCUR NUI=FILCTE(NDYR NVI /P 1Y)

<<+ END OF PIVOT OPERATIONS. PROCESD TO NEXT 1TE
NP IU=NP I+
FRIMT #,/PIUGT # / ,NPIY,* NPRIC=’,NPRIC
WRITE(15,41 PIVOT # ,NPIV,” NPRIC=",NPRIC
Go TO 107

¢es% CALCULATE W, THE PHASE-1 OBJECTIVE FUNCTION,
115 W=0.

DC 11 NR=1,NRCON
114 W=W+TBINR)Y*CB(NR)

+#«+ [NITIALIZE THOSE PORTIONGS
s¢+¢ ARTIFICIAL YARIABLES.

OF THE TABLEZAU ASSI

OO 147 NR=1 ,NFCOM
DO 1:7 NuY=1,NCGL
TE CNULLE.NVAR)
TE(NR,NVI=0.,
117 CONTIMUE

GO 70 117

¢es+ UPCDATE NCOLI AND MROWI PaRaMMETERE,
NROWI=NRCGN
NCOLI=NVAR

PRINT +,'7TO0TAL PIVGOTE=",NFIY
WRITE.13,#5°TOTAL PIMOT=" ,NFIY
PETURM

END
SUEBROUTIME READZ

#+¢+ SUBRCUTINE READZ READS IN THE GCal CON
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GNED TC THE

AND OBJECTIVE

D ALSR hens M hafs Miags JhadaTthat Sndis )

)

[ G ST N )

T

....,.. .
X BRI 9.

s . N
' . . .
ST PR

N W

L




B R I A R A W T T Ty

C e«<ee FUNCTION TERME QSSIGHED TO PRIORITY NFRIZ,
C #+++ SUBROUTINE RE=DZ 13 wL30 USED TO REHD IN THE FIRST PRIGRITY GOAL
C #<¢«= CONOTRARINTI AND OBJECTIVE FUNCTION TEFMS IF REAL CONSTR&INTS ARE
C %€+« PRESENT.
C
COMMCN TT(10,4025,784130 ,TEC130,4025,TLC130,100 ,TACIDY , INBCLZG,
C TI{10,402),JC0L{402,25 ,NCOLT, Nvom NPPIPVNC IOJ,JRON\130,23,
C NVAR  NPRIT, IND 4020 (NTRC130) ,NDVC130 ,NID,NWGT{(130),LCTR
COMMON /CHNG/NCONC130,10 ,NTOF{10:
IFNCINPRIC) .EQ.0) GO TO 107
IR
C ++<¢ EE~D IN THE COEFFICIENTS OF THE X°S
C
NCTMP=MC{NPRIC)
D3 108 NRI=1 ,NCTMP
NFE=NR T +NREGW]
NC1=NCOLI+2#NRI-1
NCZ2=NCOLT+Z2#MRI
JCOLNCt,10=4
JCOLCMNCT , 20=NCONINRT ,NFRIC)
JCOLYNC2,1>=3
JCOLINCZ,22=NCONINREI ,NFPRIC?
[
C- INPUT THE COEFFICIENT3 OF THE DECISICH VARIRBLES

C- ANl EHE FOR PRIGRITY HNPRIC AND CONSTRAINT HNRI

C
00 30 NY=1 NTRINRD :
READC13,611,d,TECT,J -
3 FORMAT: “TECT,Jo=7,13,3%,13,34,F7.2) @,
IFC1.NE.NR? THEN
PRIMT #,7%¢ 1 (> NR #% I=",1,° NR=‘,NR,’ J=",J
SToP
END IF
30 COMTINUE ]
READ 12,8.1,J,TE0 s L
é FORMETYZ14,F15.9. ]
iz FORMAT L TECI |='.::J.3:,r;,,:3 )
TECNR,NCL =1 "]
INECHRI=HC ]
TENR,NCZ/=-1, - 4
C ®,
L ¢s+s PEIFORM THE RCW REDUCTICH.
C ]
00 132 MRC=: MFOW] 1
IF (JRGWLRC 10 WNELZY GO TO 10z ]
= IR NRE, 20 - 3
TENF =TE F o -TE NP LS $TECNRT L)
DO 101 NCR= 1“«\: j
IF (NCFLEQ.J- G TO 10: 1
S NF NCRIETE NFLNCR -TEoNR, D eTE LR LR 1
101 T UE .
TE-MF,J =3 N
132 CITINCE |
1
L ¢ees DETEFMINE THE DE.1m7 0 Tee mF leBLT T0 ENTER THE EmilC ]
1-5 4
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IF (TBuNuRo 102,105,108

€€+ S5INC 53 LESS THAN ZERC, MULTIPLY THE RCW BV -1 AND ENTER D+
I 1!

tte s

[ NN el
[47)
PP AW

155 0O 104 NCR=1,NC2

104 TE{NR,NCR»=-TE(NR,NCR>
TEINRI=-TBINE)
JROWINR (1 1=2 4
JROWCNR , 2)=HCONIMRT ,NPRIC
GO TO 1dé

C #<+« SIMCE TB I3 GRE~NTER THANW OR EGUAL TO ZERC ENTER D- IN THE BASIS.
C
138 JROWINR 1 1=4

{

p
JRCWIHR,, 2 +=NCONINRI NPRIC: ?
13e CCNTINUE ]

m

C ++++ INCREASE THE PARSMETERS NCOLI AND NROWI .
{
PR O ] '
NCOLI=NCZ Q
MRl I =R :
C -
C- AT PRICRITY #NPRIC, IMPUT THE SUBSCRIFT, TYPE, AND :
C- WEIGHT OF EACH TERM IN THE OBJECTIVE FUMCTION. 1
C (IF TERM I35 POSITIVE DEVIATIONAL, TYPE=3)
c (IF TERM 13 NEGATIVE DEVIATIONAL, TYPE=4) q

(9]

10T NTTMP=HTOF (NPRIC)
DO 108 NT=1 NTTMP
LOTR=LLTRL |
15UE=LCTR #
1T (PE=NDN ENA+NT T
WEHT=NWGT (N + 1T ‘
CALL PLACE CISUBLITYPE,WGHT? )
123 CITINUE

RETLURN :
C' -4
I t
ENC ?
SUERQUTINE PLACE <ISUB,I1TVPE,WGHT:
I +s+s SUBROUTINE PLACE PUTS THE OBJECTIVE FUNCTION WEIGHTS FUR THE X
I oeess DEVIATION UARIRMBLEZ &7 THE CURREMT PRIORITY LEVEL (WPRIC: IN THE 4
T eses CIRSZIIT POIITIING IN THE AUGHMENTED TABLEAU. L
T 4+es
Doeees [IUESTAE SUBSIRIPT OF THE DEVIATICNAL VARIABLE ]
T sess :
L oeess [TCPE=3, IF POSITIVE DEVIATIONAL YARIABLE (D+) q
L sesee 4, IF NEGRTIVE DEVIATIONAL VARIAELE (D-> 4
L es+s
D o¢see LGHT=THE CARDINAL WEIBHT OF THIZ DEVIATIONAL VARIARBLE AT THE
Tosses CURRENT PRIDSIT: LEVEL

.
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COMMoN 7T

:OA‘TE‘EED.4Uﬁ* JTLL 120,100, The

PO INECLZO
T 13,4 . MCOLD \NROWT ,NPRIC NC 10 JPC!&ZBD,E '
MUK ONPRIT,IME 02 PTR(;,D),NDUK‘QU‘ NID,MNWGT 130, LETR
COMMOMN . CHMG. NCUN*13O,AM1.NTOF(10J

FLnCE THE WEIGRT I THE PROFER COLUMN IN THE TOP STUB.

NCI=pURR+ )

DC 101 NCQ“HCl GNCILE

IF JCOLCMCR U VES, ITVPE JaND . JCOL W2HLETLISUBY GDOTD 10z
C:MTINCE
T FRIC  NMCR =WGHT

FoCE THE WEIGAT IM THE PROPEZ ROW IN THE LEFT STUR.

GO 13z ME=! NROWI
IF < JF iF LV ITPE L ANDLIRCWINR 20 LEQLTSUEY GO TO 104
ConTIn
GO TO
LiME

L
SUBROGUTIME CIMDix

SUBROLTINE CIMDx COMPUTES THE RELATIVE COST COEFFICIENTS FOR EACH
URRIABLE IN THE CURRENT TABLEAUCTHE TIo ., . 7 ARR&EYT AND THE
DEJECT'”E FUMCT IO YALUE THE Thd .o ARREAY: AT THE CURRENT
PRIdrIT MFRIC
Cot O T, A0y TR L300 TE 120,402, ,TLO 30,10 TR0 JINBL 1 30,
T 1?.462*.JCDL*JDZ.2'.PCCL NFFHA.?FRI:.NEIIJY.-FDNkI3D,3‘,
Somr NI IR G0 I MTRCLZ0 MO T30 NTDMIKNGT 0380 (LETR

CIVRLTI T mWPRID RND TIONMERID O T 1 TN
TrenERIT =0,
D3 101 MNP=t NROWIT
T FIFR IS =T o WP R D e TE R s T NE  NFR D D
Do 122 NCF= WIIL!

ONIERIIUNCE =TT OLiRRILNCR

SO 102 MP=LNEDL
TIONMEIIC e = SC e rm T osar e T -
N R FEIT VLS =T MR (G T R NER T
joXsinal BT aly
FET RN
griC
SUEROUT ZHE TEZT WNET DUR

TUBROLTINE TEIT DETERMINET THE NE(T ENTERING UAPIAELE S COLUMM
Pl :

it 2
CHEC ) &HD THE NE T DESSRTING LAFIRELE FOWONDUVR Y, IF NO
SORTHES QRTIMIINTIIM I OP ' THE WALUE MEJC=1 15 RETURMNED.
I7 MOUE=D 2 RETURNED, NG M OS1I7IVE RTIO COULD BE FOLNWE
e THE D RRENT RILTT O JEESATION,ILE,, ALL OF THE COESFICIENTS
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C %<+« Tg. . NEVC: ARE NONPOSITIV

c
CHRARRCTER KIDK1831+Z4
COMMCN TT«10,402),TBC130),TEC130,402.,TLC130,100,TAL103 ,INBCLI30),
C TI<10,402),JC0L"40Z,2) ,NCOLI,NROWI NPRIC,NCi10),JROW130,27,
C  NUVAR,NPRIT,IND<402) ,NTR<130) ,NDV{130) ,NID,NWGT{1207,LCTR
COMMONCHAR/KID
NDVR=0
NEWC=0
VEVC=0.
VDOVR=10.0E+20
C
C #+¢« DETERMINE ENTERING VARIABLE S COLUMM.
C
00 101 NCrR=1,NCOLI
IF «TI{NPRIC,NCR).GE.O.» GG TO 10!
IF (INDKNCR}.EG.0) GO TO 101
IF {TI(NPRIC,NCR).GE.VEUC) GO TO 101
NE\C=NCR
VEVC=TI{NPRIC,NCR:
10! CONTINUE
c
C #+++ JF NEYC=0, SUEBFPRGBLEM NPRIC 15 OFTIMIZED. RETURM.
C
IF «NEVC.EQ.0)> GO TOD 107
C
C #+<+ DETERMINE DEPARTING WARIABLE’S ROW.
C

DO 105 NR=1 ,NROWI
IF ¢{TECNR,NEYC).LE.0.) GO TO 10S
Y=TBYNR)/TE(NR ,NEWYC)
IF (NDVR.EQ.D? GO TO 104
IF J-YDVR) 104,102,105
102 DG 103 NP={ ,NPRIC
IF {TLINR,NPI=TL/NDUR,NF) 105,102,104
03 CONTINUE
104 YDUR=Y
NDYR=NR
105 CONTINUE
137 IF{NDVR.EZ.0. RETURN
ND'C=INBNDVR
INB{NDUR)I=NE/C
PRINT S ,NDUR ,NDUC,UDUVR MEUC VBT
WRITE 1S, SNDUR NOUC,YDVR ME T, VEC
RETURN
5 FORMAT S, ‘MOUR=", 14,3, "NOMC=" , 14,3, "YDUR=",F10.3,
1 /17w, CHEUC=, 14,30, UEUC= F10.3)

c
END
SUBROUTINE PERM (NEV/CNDWR
C
C #%#+ SUBROUTINE PERM PERFJRMS THE PIUOT OPERATION USING THE PIVQT
C #«+xs ELEMENT IMW COLUMN NEWC AND RCOW NDVR AND COMPUTES THE NEW TABLEAU.
C

COMMCM TT010,402),TECLI30),TEL130,402)0,TLIL130,100,TACIO JINB(L130),

I-11
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C Ti¢10,402,JC30L74302,2 \NCOLI NRECIWT HPRIT MCI10 s JRCNC L3020,
C  NVAR,NPRIT,IND<402 ,NTR:130) NMOMC1305 ,NID,NWGT 129 ,LCTR

[ep B un]

+#4¢ REPLACE HEADING FJOR ROW NDUR.

JROW{NDVR , 1 )=JCOLENENC, 1)
JROW{NDYR , 2)=JCOLNEYC, 20

<%+ REPLACE TL VECTOR FOR RQW NDVR

DO 101 NP=1,NPRIC

(o B o B g ]

101 TLINDVR NPI=TT{NP,NE.C)
b, c
- C s+ COMPUTE NEW TE ARRAT.
S "
PIV=TE{NDVR,NEYC)
[‘ PIB=TB{NDVR)
DO 103 NR=1,NROWI
| IF (NR.EQ.NDVR) GO TO 103
IF (ABS{TE{NR,NEYC)).LE.0.0005) GO TGO 103
{ PIX=TE{NR,NEJC)/PIV
TBINRI=FIX{TBINR)-PIX#P1B>
[ ¢ DO 102 NCR=1,NCOLI
102 TE¢NR ,NCRI=FIX{TE{NR,NCR1-TE<NDYR ,NCR) *P 13}
103 CONTINUE
TEB{NDVR)=FIX{PIB/PIY)
DO 104 NCR=1,NCOLI
3 104 TENDVR ,NCRI=FIX{TE(NDYR ,NCRI/PIV)
€ RETURN
! C
. END
g FUNCTION FIX{2Z)
s C
[ C «#4¢ FUNCTION FIX BRINGS FLOATING POINT VALUES THAT ARE WITHIN 1.E-3
p C #++¢ OF AN INTEGER TO THAT INTEGER.
{ C
: FIX=AINT:2+SIGN{.5,207
[ IF (ABS:FIX-2).6T. 1.E-3) FIx=2
: c
! RETURN
g c
END
SUBROUTINE POUT
C
C #<<s SUBROUTINE FOUT PREPARES AND PRINTS THE SOLUTION INFORMATION.
C
¢ CHARACTER KID(188)#24
{ COMMON TT10,402),TB{1307 ,TE130,402),TL{130,10),TAC10) , INEL 1307,
C TI10,402),JC0L<402,2),NCOLT,NROWI,NPRIC,NC:10),JRON130,2), .
T NYAR,NPRIT,IND!402) ,NTR(130),NDV(130: ,NID,NWGT<1307,LCTR R
COMMON /CHNG,/NCON{ 130,107 ,NTOF< 10 )
! COMMON/CHAR/KID )
« DIMENSION WOUT(402,4>, RLHS(130,10) L
| DIMENSIOM DIFF(130)
1 OPEN (11,FILE="GPANS") J
; ]
»d
1‘ 1-12 1
t M
2 l‘ l. LA'A ‘. s o -..‘. 'l.‘-..b ‘." ...’- a8 '.“j_. . ‘-' ~“ A
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REWIND 11
WRITE (11,122
WRITE (11,122 NPRIC,NROWI

t¢«« QUTPUT ARRAY IS ZEROQED.

DO 101 I1=1,402
DO 101 J=1,4
15: WOUT(I,J1=0.

#+<##¢ OUTPUT ARRAY IS FILLED,.

DO 102 NP=1,NFRIC
102 WOUTENP, 10=FIX(TAINP)
DO 103 NR=1,NROW!I
11=JROWINR, 1)
12=JROWCNR, 20
103 WOUT¢I2,113=FIX{TB{NR})

#<#¢ IF ALL PRIDORITIES HAVE BEEM INCLUDED, PRINT OPTIMAL SOLUTICN.
#<¢¢ JF NOT, WE MUST CALCULATE YALUES FOR REMAINING TA“S AND D- AND D+

IF {NPFRIC.GE.NPRIT) GG TO 114
NPI=NPRIT+]
DO 113 NP=NP1 NPRIT

TAINPY=0.

IF {NC«MNF),EQ.0: GO TO 104

€¢+¢ READ N THE GOAL CONSTRAINTS ASSIGNED TO PRIORITY NP.
NCTMP=NC NP
DG 105 NCI=1 ,NCTMP
NR=NRQWI +MNC1

- INFUT THE COEFFICIENTS QF THE DECISION VARIABLES

C- AND RH5 FOR PRIORITY 8NPRIC AMD COMSTRAINT HNRI

c

c
C
c

c

D0 30 NY=1 ,NTRINR)
READ: 13,401,J,TECT,J0
IF(1.NE.NR/ THEMN
PRINT #,7#% 1 <> NR ## I=',1,” NR=* ,NR,’ J=*,J
STOP
END IF
CONT INUE
READ(13,631,J,TB{1,
s FORMAT(214,F15.9)
RLHSMCI ,NP2=0,
DO 104 NJ=1,NVAR
104 RLHS¢MCI ,NP)=RLHS(NCI NP1 +TE(NR NI #JQUT (NY , 2)
DIFF{NCI)=TB{NR)-RLHS{NCI ,NP)
105  CONTINUE

[qu}
[am)

AT PRIGRITY #MPRIC, INPUT THE SUBSCRIPT, TYPE, AND
- WEIGHT OF EACH TERM IM THE OBJECTIVE FUNCTION.
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110
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ey

.

L s B S SR ARR o0 r

p
1 lcl:
{ 7
¢
3
J
=
o
-
3
S
b
¢
139
116
¢

bt 20
.

EE X 23

TERM IS POSITIVE DEVIATIONAL, TYFE=2
TEIM I3 NEGATIVE DEVIATIONAL, TrPE=4.

NTTMF=NTOF MP
DO 112 NT=! ,NTTMP
LCTR=LCTR+!
ISUB=LLCTR
ITYPE=NDVINT +NROW] 2
WGHT=NWGT (NT+NROWI)
IF (NC<MP).EQ.0) GO TO 111
NCTMP=NC (NF?
DG 110 NCi=! ,NCTMP
IF {1SUB.NE.NCOMINCI NP3 GO 70 110
IF (DIFF{NCI»)» 107,108,109
IF (ITYPE.NE.3) GO TO 110
WOUT(ISUB,3)==-DIFF{NCI)
GO 7O 110
IF (ITYPE.NE.4) GO 7O 110
WCUT ISUB,4)=DIFF<NCI>
CONTINUE
TAINP=TANP ) +IJGHT #WJOUTCISUR, ITYPE)
CONTINUE
NROWI=NPOWIT +NCINFD

FILL IM THE CGUTPUT YALUE FOR ATTAINMENT OF PRIORITY NP.

WOUT NP, 1y=F T TRINP YD

113 CONTINUE
*¢4% PRINT OPTIMAL SOLUTION
114 WRITE (11,1283

WRITE (11,1277
DO 115 NU=1,NID

IFWOUT(NY, 22 ,EQ.0Y GO TO 115
IFONVLLELNIDY WRITE 11,7 NY,KIDINVI WOUTINV,2)
IFNVLGT . NIDY WRITE(I1,128) NV,WOUTINV, 20

ST INUE
FORMAT(13,3X,424,3%,F15.4)
WRITE (11,128)

WRITE (11,1293

DO 116 NF=2,NFRIT

IF (NCINPY,EQ.0) GO TO 116

D\ JEN

*‘1
|

NCTMP=NC (NP1
139 NCO=1,NCTMP b
N=NCON{NCO NP g
WRITE (11,1301 NP,N,WOUTIN,2) ,WOUTEN,4) ®
CONTINUE 3
CONTINUE g
8
IF(J.EQ.1) RETURN 3
WRITE ©11,126) ]
WRITE (11,131 L
DO 117 NP=1,NPRIT 4
WRITE (11,1225 NP,WOUTINP,1) !
%
R
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(e

117

—
9]

o

1

120
121

1;-\.-\
par
gy

123

126
127
1
128
129

COHT INUE
WRITE o1d,
WRITE (1
WRITE (1
I=Mr0 NP
DO 121 K=
IF (K.
IF (K.
WRITE
o0 TC
WRITE
GQ TO
IF (K,
WRITE
Ga TO
WRITE
CONTINUE
WRITE (11,
RETURN

- b

a

FORMAT (1

FORMAT ¢/
1HERE WERE

-L—(JU

1z
]
!
RI
1,
GT.NPRIT) 6] TO 112

GT.MNUAFL 5O TO 1:3

(11,1350 K, (WOUTK,Jy,J=1,4

121

(11,1360 K WOUTOK, 10, (WOUT K, 05 ,J=3,4)
19\

GT.rMARY GG TO 120

(11,1370 K, {WOUTK,Jd),d=2,4)

21
Y

€11,1387 K, {(WOUT(K,J),J=3,4)

,MUAR NROWI

32
2
3
T
I

‘J."
P

HiJ
37H THE OPTIMIZATION ENDED ON SUBPROELEM ,1S ~ 13H T
y 13, 42H CONSTRAINTS IN THE FINAL OPTIMAL TABLEAU.»

FORMAT (//80(1H#*})

FORMAT (1
Jri

FORMAT (1
FORMAT (1

HO, S2ZHTHE OPTIMAL SOLUTION FOR THE DECISIGN VaRIABLES X«

HO, 2HX{,13, 2H)=,F15.4)
HO, 2SHTHE GOAL ACHIEVEMENTS ARE //  OH PRIORITY,2X, 11H

1G0AL NUMBER,2X, 14HOVER-ACHIEVEMENT,2X, 17HUNDER-ACHIEVEMENT)

130
131

FORMAT (43,

FORMAT 1

12,10%,12,10%,F10.4,10%,F10.4)
HO, 29HTHE PRIORITY ACHIEYEMENTS ARE //  9H FRIGRITY,8X,

1 11HACHIEVEMENT
FORMAT (4%,12,10%,F10.4)

...,_.
B

W W L)
£ W H

1

Q ~ e on

— s b e
W W W w

FORMAT (1
FORMAT o1

HO, 15H QUTPUT SUMMARY)
HO, 9HSUBSCRIFT,1!X, 8H A OPT,7?X, B8H X OPT,7X, 9H

POS DEY,6X, 9H NEG DEV

FORMAT (I
FORMAT 1
FORMAT (1

FORMAT (15

END

8,7K,4F15,4
B,7X,F15.4,134,2F15.40
8,22( 3F135.4;

B,37K,2Fi5.4)
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